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· \\e just develope<;{ the m<?St . 
nnportant software mnovatIon m 
data acquisition history. 
After all , a lot of ~rrJ 0 1 write data acquisition 
them have been asking ayJin applications will spend 
for it. "It" is DT-Open '.0 .. 'co.,.". w'o •• w,- less time in develop-
Layers,'" a set of speciH- ThilJdojprogrwnmlng ment, and get products 
cations that establishes JpecijimLiol1.J wlUprotectyour to market faster. 
standards for developing JOjtwal'llnl'GItmml. That's why a num-
data acquisition applications for the ber of developers are already writing 
Microsoft® Windows'" environ- their applications to conform to the 
ment. With these standards, DT-Open Layers standards. 
all Clata acquisition software and And, of course, we at Data Trans-
hardware products you use will be lation are making our new products 
compatible. Now, and forever. DT-Open Layers compatible. A good 
Consider It example is our GLOBAL iA~ series 
Investment Protection. of applications and 
If you do data acquisition, libraries. 
DT-Open Layers will make your 
investment in software and program-
ming more secure. Now, when you 
upgrade to new, more powerful hard-
ware, you won't have to rewrite code. 
What's more, DT-Open Layers will 
give you a greater choice of solu- . 
tions to pick from, making i~ 
possible to integrate hard-
ware and software from 
multiple vendors. 
Developers who 
These powerful, easy-to-use products 
perform high speed data acquisition 
at the highest rates achievable under 
Windows. Display, signal processing, 
memory management and all board 
functions are supported. 
Ask And You 
Shall Receive. 
Call Data 
Translation today, :: 
and we'll rush out 
your copy of the 
DT-Open Layers 
specs, our latest 
handbook, plus 
Our GWBAL lAB product! 
um wrilltn jor Wtizkw, and con-
jonll to DT-Open UzyuJ. 
information on the most recent 
third-party DT-Open Layers 
applications. 
So call us at 
508-481-3700. Because 
when it comes to data 
acquisition, we're giving you 
everything we've got. 
DA7JI TRANSLA71ON® 
And now we're ~ 
letting the competition have it 
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WEVEGOT 
THE SELECTION 
THE 
THE PERFORMANCE 
THE DRIVERS 
AND NOW 
THE SOfTWARE. 
We built the first, and we offer the most extensive line of 
DAT data recorders on the market. Choose from 2-16 channel 
models with the features and flexibility that make it easy for 
you to find a TEAC to fit your specific requirements. Their 
light weight, minimal footprint and optional3-way power . 
supply gives you complete portability. And when it 
comes to performance, data recording on DAT is 
unsurpassed for economy and quality of signal. 
And now, to make it easy to set up a computer auto-
mated system, drivers for LabWmdows* and other TEAC 
software packages are available. 
So now the decision is simple. TEAC, the 
only place you need to go for the world's most 
complete line of DAT data recorders with the 
TEAC® 
Information Products Division. 
For More Information Circle No. 504 
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1. Install Data Acquisition Board 
2. Turn on Computer 
3. Launch LabWindows 
When you start iabtindows~ you'll have all the software you need to 
develop your data acquisition and control 
system. LabWindows is a data acquisition, 
data analysis, and graphical presentation 
system - all in one. And it's backed by a 
complete line of plug-in boards and SCXI 
signal conditioning modules. 
from low-(ost to high performance. Select 
from A/D, D/A, digitalljO, timing I/O, 
or DSP boards for the PCjXT/AT/EISA 
and IBM PS/2. And now, with our 
DAQ Designer" system configuration 
software tool, you can easily determine 
the best plug-in boards and signal 
conditioning products for your application. 
The Choice for Data Acquisition If you're ready to launch your 
With LabWindows, you can use any data acquisition development, 
National Instruments plug-in board ranging Take a Look at Lab Windows. 
For a free LabWindows 
Demo disk and your free 
copy of DAQ Designer call 
us at (512) 794-0100 
or (800) 433-3488 
(U. S. and Canada) 
,7. NATIONAL 
,. ~!!If!!~!!fD.!W 
6504 Bridge Point Porkway 
Austin, TX 7873(}5039 
Fox: (512) 794-8411 
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The future of Fortran is here todayl 
Whether you are actively developing Fortran programs or 
maintaining existing applications in Fortran. the future has 
finally arrived! Meet the world's first Fortran 90 compiler 
available exclusively from NAG. Not a translator or a stretched 
Fortran 77 system. NAG offers a solid multipass compiler 
designed specifically for Fortran 90. 
With development begun in 1987. the NAG Fortran 90 
compiler is the result of careful monitoring of the developing 
Fortran 90 standard plus months of extensive testing and actual 
use. It offers remarkable effidency and speed. extensive error 
messages. and a high degree of portability to meet the needs of 
today's heterogenous computing environment. 
Only recently has the ISO approved a standard for Fortran 
90. Now you can take advantage of this new power with the 
new Fortran 90 compiler from NAG. To enjoy the future today. 
call NAG at 708/971-2337. 
The future is in the present. 
The world's first 
Fortran 90 Compiler 
offers: 
• Full ISO 
standard implementation 
• Designed specifically 
for Fortran 90 
• Extensive error message 
facilities for rapid 
program debugging 
Numerical Algorithms Group Inc.. 1400 Opus Place. Suite 200 . Downers Grove. IL 60515-5702 USA Tel : 708/971 -2337 Fax: 708/971-2706 
Numerical Algorithms Group Ltd.. Wilkinson House, Jordan Hill Road, Oxford, OX2 80R. UK Tel: 44865511245 Fax: 44 865 310139 
Numerical Algorithms Group GmbH. SchleiBheumerstraBe 5. W-8046 Garching bei Munchen, Deutschland Tel: 498932-7395 Fax: 49 89 3207396 
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BMM AUTOMATED 
STORAGE 
MANAGEMENT. 
Now you can automate all of your data storage needs including 
unattended backup, automatic file restore and scheduled archiving, 
as well a other data management operations. 
Incorporating maximum performance and storage capacity 
in a space-saving footprint , the EXB-IO 8mm Cartridge Tape Sub-
system frees up valuable human resources for more important 
tasks, and eliminates potential human error. 
While you sleep, the EXB-IO performs automatic loading 
and unloading of up to ten 8mm cartridges, eliminating the need 
for manual intervention for up to 28 hours. 
Providing access to as much as 50 gigabytes 
of native capacity (up to 250 gigabytes with data 
compression!), combined with 20-second 
average access time and high-speed 
search , the EXB-lO is the ideal backup 
solution for network and midrange 
environments . 
For more information on the EXB-lO 
and the family of 8mm data storage prod-
ucts from the third fastest growing company EXABYTE 8mm data 
cartridges, cleaning 
in America according to Fortune Magazine, cartridges, and cartridge 
call the regional office nearest you today holders provide a total 
or 1-800-EXABYTE. backup solution. 
For More Information Circle No. 563 
TURNOFF THE 
LIGHTS ON YOUR 
WAY OUT. 
Eastern u.s. (407) 352-5622, Ext. 82 
Central u.s. and Canada (708) 953-8665 
Western U.s. (408) 370-6107 
Europe (Amsterdam) 31-3403-51347 
EXABYTE Corporation 1685 38th Street Boulder, CO 80301 
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Photo courtesy Boeing 
A Boeing technician checks instrumentation on a space station 
Freedom test module at NASA 's Marshall Space Flight Center_ 
Boeing Defense & Space Group is NASA 's prime contractor for 
the orbiting station 's living, laboratory, and logistics modules, 
and its connecting node structures. The test shown above 
employed hundreds of electronic sensors to measure how much 
the module "stretched " when pressurized to the equivalent of one 
atmosphere, or 14_9 pounds per square inch. Such data is used in 
finalizing the engineering designs for the actual flight hardware, 
which Boeing will begin building early next year. For more on 
space station Freedom, turn to page 15_ 
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On The Cover: Researchers are 
harnessing the power of electrically-
charged ion atoms for Earth and 
space use. The photo shows an 
engineer assembling an ion beam 
source designed for industr ial 
applications such as microcircuit 
etching and thin-film deposition. 
NASA is pursuing ion technology's 
potential to revolutionize space 
travel. As a primary space propul-
sion system, an ion engine theoreti-
cally could accelerate a spacecraft 
to a velocity approaching the speed 
of light for voyages beyond the 
solar system_ It also has utility as an 
auxiliary propulsion system for 
spacecraft station keeping and 
attitude control. See the tech brief 
on page 77. 
(Photo courtesy Commonwealth Scientific Corp.) 
Turn to page 14 to find out how 
you can win a free stay at the 
United States Space Camp. 
Photo courtesy US Space and Rocket Center 
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With a 1.25 MB per second rransfer rate and a 35 ms average seek time, the 1 GB CY-2000 
optical disk drive saves and restores files at hard dIsk speed. All on a removable media that 
protects your data from unpredictable head crashes. Once you lose your hard disk files, 
they're gone forever. But data stored on optical disks remains secure - and quickly accessible. 
The CY-2OO0 is perfect for data-intensive applications like desktop publishing, multi-
media, digital video, CAD/CAM, medical imaging and more. It's also ideal for private data-
bases and security-sensitive files because the disks can be removed and stored to prevent 
unauthorized access. 
What's more, it's fully "plug and play" compatible with your personal computer, mini-
computer, workstation or server. 
With the CY-2OOO, each disk stores 1 GB. making it twice the capacity of competitive 
optical disk drives. The media are erasable, rewrit-
able, and exrremely durable. One platter can last 
over 40 years. And because the disks are small 
and lightweight, you'll enjoy reduced storage and 
shipping costs. 
The CY-20OO is part of our family of data stor-
age products that includes QIC tape srreamers, 
magneto-optical disk drives, and 8mrn tape drives 
and tape libraries. 
If you want gigabyte capacity, 
fast file access, and the security of 
a removable media, the CY-2000 
is a perfect fit. Call today for more 
information at (804) 873-9000. 
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To ensure your company's pos-
itive performance in today's keenly 
competitive marketplace, start with 
advanced materials and resources 
available from the engineering 
plastics leader. 
Get the precise combinations 
of properties you need from the 
industry's broadest and deepest 
selection of resin chemistries, 
copolymers, alloys and composites. 
Optimize product design and devel-
opment with hands-on assistance 
and proprietary programs like our 
unique Engineering Design 
Database. 
Enhance productivity and cost-
efficiency with the significant pro-
cess advances in progress at 
our massive Polymer Processing 
Development Center. Profit by 
GE Plastics' worldwide presence 
and market expertise. 
NOVA Biomedical did, for their 
advanced Nucleus™ blood analyzer. 
Materials: Lexan® resin, foamable 
Prevex® resin, Cycolac® ABS resin. 
Resources: Design reviews; mate-
rial, tooling and process selection. 
Results: Creative design with 
increased functionality and parts 
consolidation; reduced assembly 
and finishing for significant savings 
in cost. 
Partnership product develop-
ment-{)nly from GE. For more 
information, call: (800) 845·0600. 
BE Plastics 
® Registered Trademarks ofGE. 
TM Trademark of NOVA Biomedical. 
For More Information Circle No. 615 
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• Real "me video under all condlHons 
• No Impact on graphics performance 
• Image capture 
• Text and graphics overlays on video 
• Scale, reposition, freeze 
• X-Windows compatible 
• Cable ready tuner 
• Priced from $7500.00 
Applications include 01, robotics, 
interactive videodisc training, video 
teleconferencing, process control, 
surveillance and simulation. 
Standalone peripheral and board level 
models available. 
SPECTRUM 
950 Marina Village Parkway Alameda, CA 94501 
Tel: (510) 814-7000 Fax: (510) 814-7026 
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Your favorite technical handbooks 
are now available in soft editions. 
A new approach to math. 
Introducing the Mathcad 
3.1 Software System for Microsoft 
Windows or UNIX. It revolutionizes 
math by letting you zip through 
problems naturally and logicaJly-
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EDITOR'S 
CHOICF 
because it works the 
way you think. And 
now it's even more 
powerful, thanks to new 
Electronic Handbooks:" 
More thana 
number-cnmcher. 
Matbcadl.5 
3-1H9iuuc. With Mathcad 3.1, 
8c$lof'88 
Bcatof'87 
you type your work 
anywhere into the live 
screen-just like you'd 
write on a scratch pad-and Mathcad 
does the calculating. Updates answers 
when a variable changes. Even graphs 
in 2-D or 3-D. 
Symbolic calculation capabilities 
let you do integrals, Taylor series, or 
infinite sum caTculations with click-n-
drag sirn plicity. 
And when you're done, Mathcad 
prints out presentation-quality 
documents complete with equations 
in real math notation. 
Fast electronic access to 
commonly used methods, formulas 
and diagrams. 
Mathcad's new Electronic Handbooks give 
you instant access to the formulas, methods, 
mulas for specific calculations. Change parameters, 
plots and variables, and let Mathcad automati-
caJly calculate your answers within the Handbook. 
Or double-click on a Handbook entry and paste 
it into your Mathcad document-with 
the correct units! 
o The 
CRC 
Materials Science and 
Engineering Handbook contains 
more than 140 tables of data, bit-
mapped illustratioDS, and Mathcad 
plots. Includes densities, melting 
points and crystal structures of 
elements, properties of ceramics and 
superconducting materials, and 
much more. 
ALro AmiIRhIt: 
o Optional ApplicatioDS Packs-
adaptable Mathcad templates for 
Electrical, Mechanical, Civil and 
Chemical Engineering, Statistics, 
Advanced Math, and Numerical 
Methods. 
o PC OOS and Macintosh· versions 
also available. 
Free demo disk. 
For a FREE Mathcad demo 
disk, or upgrade inforrnation,call 
1-800-MATHCAD (or 
617-577-1017, Fax 
617-577-8829). 
Or see your 
software dealer. 
UNIX 
Version no", 
available *Electronic Hand-
books require Mathcad 3.1 and 
Microsoft Windows 3.0 (or higher) 
or UNIX. 
AlUMMCO aa Three new optional Mathcad Electronic Handbooks* are now avail-
able, each created in conjunction with 
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diagrams and tables you rely on every day. Just 
open an Electronic Handbook and select your 
topic. They're interactive, so you can modify for-
NTB 22 
" . 
a lcading publisher of technical reference 
handbooks: 
o Mathcad Theasury of Methods and 
Formulas offers you a host of the meth-
ods, formulas and diagrams you use every 
day, along with interactive explanations of _---
every feature and algorithm of Math cad. 
o Machine Design and Analysis from 
Hicks' StnnMrriHandbook ofEnginming 
Calculations from McGraw-Hill, contains 
more than 125 practical calculation proce-
dures including shaft and gear mechanics, 
time and power to cut, drill, bore, countersink, 
and a lot more. 
1-800-MATHCAD 
The answer is 
Mathcad® 
MathSoft, InCo 201 Broadway, Cambridge, MA 02139 USA 0 Phone: 1-800-628-42230617-577-10170 Fax: 617-577-8829 
A .. rnlrDe"""EMPFDWd=Dr=I~~~;s~2W.~~~E~~FN~SoD~..!.iW..t~Wbjfm;~~t.~I~~TNo.t=~~lk~DWZ=~=rghDWD"DCoCMPJPSSRJ9TDf; 
For More Information Circle No. 421 
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Over the past three decades, NASA has granted more than 1000 patent licenses in virtually every area of technology. The 
Space Agency has a portfolio of 3000 domes-
tic and foreign patents and pending applica-
tions available now for license by businesses 
and individuals, including these recently pat-
ented inventions: 
High-Temperature, Flexible 
Fiber-Preform Seal 
(US Patent No. 5,082,293) 
Inventors: Bruce M. Steinetz and Paul J . 
Strocky, Lewis Research 
Center 
A flexible thermal barrier seal operates at 
temperatures up to approximately 12600 C. 
The seal comprises multiple layers of helical 
fibers wound over a uniaxial core. The fibers 
are made of a heat-resistant material such as 
alumina-boria-silicate or silicon carbide, and 
are both left-hand and right-hand wound. The 
compliant "serpentine" seal is designed to 
prevent leakage of hot-pressurized flow path 
gases between the movable engine panels and 
adjacent engine sidewalls in hypersonic jets. 
For More Information Circle No. 690. 
Preparing Composite Materials from 
Matrices of Processable Aromatic Polyimide 
Thermoplastic Blends 
(US Patent No. 5,004,575) 
Inventors: Norman J. Johnston, Terry L. St. 
Clair, Robert M. Baucom, and 
John R. Gleason, Langley 
Research Center 
Polyimides are attractive to the aerospace 
industry because of their toughness, thermal 
and thermooxidative stability, solvent resis-
tance, and excellent mechanical and electri-
cal properties over a wide temperature range. 
Processing of these materials has been diffi-
cult, however, due to limited melt flow during 
the application of heat and pressure. In the 
Langley process, semi-crystalline polyimide 
powders are blended with polyamic acid solu-
tions to form slurries, which are used to pre-
pare prepregs for production of structurally 
sound, void-free laminates. This technique 
yields composite materials with matrices of 
tough, thermoplastic aromatic polyimides exhib-
iting excellent melt flow during processing. 
For More Information Circle No. 692. 
Metal Etching Composition 
(US Patent No. 5,034,093) 
Inventors: Joseph E. O'Tousa, Clark S. 
Thomas, and Robert E. Foster, 
Marshall Space Flight Center 
A solution of hydrochloric acid, phosphoric 
acid, ethylene glycol, and an oxidizing agent 
is suitable for etching metals or metallic al-
loys. The compound is particularly useful in 
preparing metal surfaces for fluorescent pen-
etrant inspection to locate minute surface 
flaws and metal defects. It can be produced 
easily and quickly, and has a long shelf life. 
For More Information Circle No. 693. 
All-Optical Photochromic Spatial Light Modu-
lators Based on Photoinduced Electron T rans-
fer in Rigid Matrices 
(US Patent No. 5,062,693) 
Inventors: David N. Beratan and Joseph W. 
Perry, Jet Propulsion 
Laboratory 
A novel single-material spatial light modulator 
uses direct optical writing and readout; has 
high spatial resolution, low switching energy, 
and fast switching times ; and is easy and 
inexpensive to fabricate. Designed to control 
the spatial distribution of light intensity, such 
as in data processing, the device functions as 
a 2D mask (transmission or reflection) or as a 
3D volume holographic medium. It can per-
form incoherent to coherent image conver-
sion or wavelength conversion over a wide 
spectral range. 
For More Information Circle No. 694. 
Method and Apparatus for Producing 
Microshells 
(US Patent No. 5,055,240) 
Inventors: Mark C. Lee, Christopher H. 
Schilling , and Taylor G. Wang , 
Jet Propulsion Laboratory 
Microshells with an outside diameter well 
below one millimeter are formed by heating a 
material to molten temperature in the pres-
ence of a soluble gas. The resulting solution 
is atomized to form many separate droplets 
that are cooled during free-fall. Cooling from 
the outside traps the dissolved gas and forces 
it to form gas bubbles at the droplets' centers. 
Reheating and then cooling them in an envi-
ronment with a lower pressure than the gas 
bubbles causes them to expand and form 
thin-walled shells. The shells can be made of 
a wide variety of materials, including refrac-
tory metals and alloys, for such applications 
as filler in reinforced beams. 
For More Information Circle No. 695. 
Ignitability Test Method and Apparatus 
(US Patent No. 5,052,817) 
Inventors: Laurence J. Bement, James W. 
Bailey, and Morry L. Sch immel, 
Langley Research Center 
Ignition of propellant materials used in rocket 
motors, munitions, or even automobile air 
bags starts with an initiator that is fired elec-
trically or mechanically. A simple apparatus 
provides quantitative measurements of the 
efficiency of all types of initiators. The material 
is ignited within a cavity and pressure traces 
are recorded by an oscillograph and ana-
lyzed. The method can determine the initiator's 
output delay, function time, and ability to ignite 
typical propellants. 
For More Information Circle No. 696. 
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GOUL[) 
Our nelV recorder 
cOlDes with everything 
but complications. 
------
Electronics 
Sitting down with our new WindoGraf® recorder is 
like sitting down with a trusted friend. WindoGraf 
is as easy to use as the recorders we've been 
making-and you've been using-for years. 
Nearly everything about WindoGraf is familiar, 
from its recorder-style speed controls to its 
bench-top portability. And when it comes to 
signal conditioning, WindoGraf offers just 
what you'd expect in a Gould recorder: input-
to-output isolation, DC offset (zero suppres-
sion), variable sensitivity, and a selection of 
signal conditioners to meet most physical 
test requirements. WindoGraf also features 
a unique CRT display that lets you monitor 
your signals in real-time without continuously 
running paper. And if you'd like to see hard 
copy, press a button to activate WindoGraf's 
4-channel thermal array recorder, which also 
operates in real-time. 
Press another button, and your 
signals are recorded on Windo-
Graf's built-in disk drive for 
future review or analysis. 
.' 
.' 
/ 
WindoGraf. Just another 
way Gould is helping you meet 
your physical test and measure-
ment needs ... without complications. 
For More Information Circle No. 484 
-:. GOUL.IJ 
1.- -------
Yes! Please rush me a FREE WindoGraf brochure! 
NTB 6192 
NAME: _______ TITLE: ______ _ 
COMPANY: ______________ _ 
STREET: _______________ _ 
CITY: _______ STATE: __ ZIP: ___ _ 
TELEPHONE: ______________ _ 
Send to: Gould Inc. , Test and Measurement Group, 8333 Rockside Road, 
ValleyView, Ohio 44125, or call (216) 328-7000, Fax (216) 328-7400. 
Editorial Notebook 
NASA Tech Briefs' 
t 992 Letter Writing Contest 
It is fitting that International Space Year 1992 - a year-long celebration of space discovery and the down-to-Earth benefits of space exploration 
- coincides with our biannual letter 
writing contest. Four years ago, we at 
Associated Business Publications, pub-
lishers of NASA Tech Briefs, initiated 
this contest so that our elected repre-
sentatives would know that there is a 
large segment of the public that is very 
much aware of the benefits all of us 
down here enjoy because of the work of 
NASA and the aerospace industry. 
NASA Tech Briefs readers, now 
numbering more than 200,000, know 
that the Space Agency and its contrac-
tors produce a broad array of import-
ant inventions and innovations that im-
prove daily life and impact the national 
economy, so this column isn't intended 
to preach to you, the choir, but to ask 
you once again to help us reiterate to 
our elected representatives that space 
exploration is both worthwhile in and of 
itself and beneficial right here, right 
now, with far-reaching spinoff applica-
tions. Many NASA Tech Briefs readers 
know that a study by Midwest Research 
Institute found that for every dollar in-
vested in the space program, nine dol-
lars have rebounded to the American 
economy. But our representatives still 
seem unaware that this kind of return 
on an investment is unique in govern-
How To Enter 
ment and rare in the private sector. 
This year, 14 other organizations 
have joined us as cosponsors of the 
contest, including the American Insti-
tute of Aeronautics and Astronautics, 
Analog, Isaac Asimov's Science Fic-
tion Magazine, the Challenger Cen-
ter, Final Frontier, High Frontier, the 
National Space Society, Omni, Space-
cause, Space Pac, Space Station News, 
the US Space and Rocket Center, the 
US Space Foundation, and the Young 
Astronauts Society. With any luck, 
the contest will mushroom intt9 a 
groundswell of support for NASA and 
the space exploration process. 
This is an easy contest to enter ... and 
one in which everybody wins. Write a 
letter of 200 words or less to the 
politician(s) of your choice, asking him 
or her to strongly support the US space 
program. Although you are welcome to 
write on any pro-space theme, we sug-
gest the following : Why It Is Vital We 
Support Space Station Freedom (see 
accompanying article on the Freedom 
program) , or Why A Strong, Fully-
Funded Space Program Is Critical To 
America's Economic Future. 
Send a copy of your letter to Space-
cause at the address listed below. All 
letters received by October 15, 1992 
will be judged by a blue-ribbon panel 
on strength of argument and creativity. 
One adult winner and one children's 
winner (ages 16 and under) will each 
receive a free stay at the United States 
Space Camp, an educational camp that 
simulates an astronaut's training pro-
gram. The one letter judged best over-
all will be published in the magazines/ 
newsletters of all of the cosponsors. 
NASA Tech Briefs will publish both 
winning letters in the December issue, 
along with an honor roll listing every 
letter writer. In addition, the winners will 
be honored at the 1992 Technology 
Transfer Awards Dinner that will be 
held in Baltimore, MD this December in 
conjunction with the Technology 2002 
conference and exposition. 
The real beneficiaries of this contest 
and the strong civil space program it 
promotes will be future generations of 
Americans who will have a solid foun-
dation of science and technology to 
build on. So please, start those letters 
flowing to the politicians. Together, we 
can make a difference. 
Thanks for your support. 
Write a letter to the elected representative(s) of your chOice, 
outlining your reasons for asking him or her to support the US 
space program (see suggested topic areas above). Then send 
a copy ofthe letter, listing your age ("over 16" will do for adults), 
address, and daytime phone number, to: 
Prizes: One adult winner will attend a three-day session at the 
US Space Camp in Huntsville, AL. One children's winner (ages 
16 and under) will have the choice of a week-long stay at the US 
Space Camp in either Huntsville or the Space Coast area of 
Florida. Winners must provide their own transportation. The 
best overall letter will be published in NASA Tech Briefs, Omni, 
and the publications of the other cosponsors named above. 
Mark Hopkins 
President 
Spacecause 
Dept. A, 3435 Ocean Park Blvd. 
Suite 201-S 
Santa Monica, CA 90405 
Deadline: October 15, 1992 
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Where to write: To US senators: United States Senate, Wash-
ington, DC 20510. To members of the House of Representa-
tives: US House of Representatives, Washington, DC 20515. 
When addressing a congressman, the title "Honorable" should 
precede the name, as in the Honorable John Smith. For the 
letter's salutation, "Mr." or "Ms." is acceptable. 
Remember: Send the original letter to the elected repre-
sentative of your choice, and a copy to Spacecause. 
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---PACE STATIO F EE OM: 
Stepping Stone to the Future 
The fol/owing is excerpted from an article by NASA 's Office of Space Flight. 
In early 1996, NASA plans a space shuttle launch from the Kennedy Space Center in Florida to carry into space the first section of space sta-
tion Freedom, embarking the United 
States and its international partners on 
a historic journey of discovery and ex-
ploration. During successive years, the 
shuttle fleet and its crews will continue 
to build onto Freedom until rotating 
crews can live and work on the station 
permanently by the turn of the century. 
Once permanent occupancy of the 
station has been achieved, America 
and its three international partners-
Canada, the European Space Agency, 
and Japan-will enter an unprec-
edented era of human exploration and 
the utilization of space for the benefit 
of humanity. 
Freedom's microgravity environment 
will provide a unique laboratory for 
cell research that could result in 
improved disease-fighting drugs. 
NASA's space station is, as Presi-
dent George Bush said, a "critical next 
step in all our space endeavors." Skim-
ming along 250 miles above the cloud 
tops of Earth, Freedom will serve as the 
crucial next link in the chain of knowl-
edge necessary to further human ex-
ploration of the solar system. 
Freedom will serve as the focal point 
NASA Tech Briefs, June 1992 
for long-duration studies of human 
physiology and well-being in space, 
research that is necessary before the 
nation can prudently embark on long-
range human exploration goals. Free-
dom will serve as a laboratory for learn-
ing how to use the microgravity environ-
ment of space, enabling the study of 
new materials, new medicines, and new 
technologies. As an engineering test 
bed on the high frontier, Freedom will 
put humans on the scene to learn by 
doing, helping to answer the many 
questions and problems which, taken 
together, comprise the continuing 
challenge of space flight. 
"We have elected to treat space 
station Freedom as the first step in the 
Mission from Planet Earth," stated the 
Report of the Advisory Committee on 
the Future of the US Space Program, 
"even though it has other valid uses, 
such as hands-on extended duration 
microgravity research." Not only will 
research aboard Freedom prepare us 
for long-term space travel, the report 
said, but this endeavor also could be 
responsible for "unlocking new devel-
opments in such fields as electronics 
and biosciences. The space station is 
deemed essential as a life sciences 
laboratory, for there is simply no Earth-
bound substitute." 
An Investment In America 
Space exploration is an affordable 
investment in our nation's future. NASA 
is 1 % of the federal budget, an impor-
tant 1 % because it represents an in-
vestment for tomorrow, and space sta-
tion Freedom is a vital component of a 
balanced space program. Among the 
payoffs for this 1 % investment are: 
National Vitality. Space exploration 
fosters American values of pushing 
new boundaries and undertaking 
new challenges. Space exploration 
represents America's commitment 
to leadership and a national spirit of 
excellence. 
American Competitiveness. NASA 
programs are an important part of 
this nation's investment in aero-
space, one of our most important 
industries and one of the few indus-
tries that enjoys a favorable and 
rising balance of trade. 
High Technology. Freedom is a vis-
ible demonstration of America's tech-
nological prowess-a promotion for 
US products and services. 
Knowledge. America's space program 
contributes to the nation's store-
house of knowledge-knowledge 
that is helping to reshape our world, 
contributing to our understanding of 
our place in the universe and im-
proving our quality of life. 
International Cooperation. Programs 
like space station Freedom nurture 
international cooperation and serve 
as models for the way things can 
work on Earth. 
bduca~ion. Space exploration can 
stimulate young people's interest in 
mathematics and science. America 
will need a technically competent 
work force to compete in the global 
economy of the future. 
Quality of Life. Space research results 
in products that contribute to the 
quality of life on Earth-communica-
tions satellites, weather satellites, 
and medical devices, to name a few. 
Employment. The space station Free-
dom program will directly and indi-
rectly employ about 70,000 people, 
tapping the professional services of 
more than 2000 businesses in 40 
states. These jobs will contribute 
new ideas, new knowledge, and new 
products to our economy. 
Freedom is the linchpin of our 
nation's future in space. It will shape 
what America does in space and how it 
will be done. Freedom, with a perma-
nent window on the universe, will en-
sure that America's future in space will 
be even brighter than its past. 
Great nations dare to explore. It's 
time for America to take its place on the 
final frontier. 0 
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New Product Ideas 
New Product Ideas are just appropriate section in this 
issue. If you are interested in 
developing a product from 
these or other NASA innova-
tions, you can receive further 
technical information by 
requesting the TSP referenced 
at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 18). 
NASA's patent-licensing program 
to encourage commercial develop-
ment is described on page 18. 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica-
tions. Each is discussed further 
on the referenced page in the 
Robotic Gripper With Force 
Control and Optical Sensors 
A new gripper operates in several modes 
to locate, measure, recognize, and ma-
nipulate objects in an assembly· line set-
ting. Developed to handle germanium cut-
tings in a greenhouse, the design can be 
modified for handling other objects. 
(See page 76) 
Airplane-Runway-
Performance Monitoring 
System 
This system is designed to increase 
safety by displaying symbolic "head up" 
and "head down" information that would 
assist pilots in making critical takeoff- or 
landing-abort decisions. When fully devel-
oped, the system will be driven by a com-
mon algorithm. 
(See page 48) 
Shaving Ceramic Tiles to 
Final Dimensions 
A template and a routing tool are used 
to make precise cuts of ceramic tiles on 
Space Shuttles to final dimensions. Installed 
tiles that are poorly fit can be adjusted on 
the spot without removal. The concept could 
be adapted to building and home-improve-
ment projects involving ceramic tiles. 
(See page 80) 
Compliant Walker 
This walker supports a person who has 
partially disabled legs and lower back. The 
person can move about in an upright posi-
tion with a minimal load on the legs and 
can rest at will in the walker. Accom-
modating a closed or open frame, this 
walker would be helpful in hospitals, nurs-
ing homes, and private care. 
(See page 88) 
Cameras Would Withstand 
High Accelerations 
Very rugged cameras proposed for ex-
ploratory spacecraft would use ali-reflec-
tive optics. Features would include achro-
maticity and compactness. Potential uses 
for these cameras on Earth may be as im-
agers in rough mechanical tests and in the 
development of sturdier still and video con-
sumer cameras. 
(See page 56) 
Magnetically Operated 
Holding Plate and 
Ball-Lock Pin 
A simple, more economical mechanism 
is intended to be operated by a robot to 
attach or detach one object from another. 
The deSign is an improvement over motor-
ized latches. 
(See page 69) 
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TableCurve will fit and rank 3320 linear 
and non-linear equations to your dataset 'TableCurvlr 
Automated Curve FIRIng sonw-are ....... 
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automated processing step! Step 
through equations, view residuals, statis-
tics and graphs - and output data and graphs eas-
ily in a variety of formatsl Features include: 
.... 3,320 Linear and Non-linear equations 
Includes polynomial, 
rational, peak (Gaus-
sian, Lorentzian, etc), 
transition, waveform 
and many others. 
Select only the equa-
tion groupings of 
interest or let Table 
Curve fit all equations 
to your datal 
.... User defined 
equations Define your 
own equations -
TableCurve fits and ranks them along with the 
extensive list of built -in equations. 
.... Extensive fitting and ranking choices Choose 
curve fitting algorithm (Singular Value Decamp., 
Gauss-Jordan, LU Decomposition), best fit rank-
ing criteria (DOF adj. 1", Fit Std Error, F-statistic 
and Std 1"), smoothing functions (polynomial 
interpolation, FFT and Lowess) and morel 
.... High speed processing Automatically fit and 
rank all 3,304 linear equations to a 50 point 
dataset in 46 seconds (using 80386SX, 16MHz 
with math coprocessor). Iteratively fit non-linear 
equations are also processed in amazing speedl 
.... Unique graphical review process Graphically 
One Step Fits 3,320 Linear and 
Non-linear Equations to 
Your Data-Automaticallyl 
view the fit of each equation to your data by 
pressing a key. Also obtain a full numerical 
review of confidencel prediction limits, residuals 
and other statistics. 
.... Flexible data input/output Import a huge 
dataset from ASCII, Quattro mro~ iotus~ dBase;" 
and other formats. Customize selected graphs 
and output to a variety of devices including 
LaserJet,· PostscriptN printers, or export directly 
For More Information Circle No. 680 
to SigmaPlot,· Lotus and morel 
.... Export programming code for any selected 
equation Automatic code generation for pr<r 
gramming in C, Pascal, FORTRAN, and several 
BASIC languages . 
.... Outstanding ease of use With a superb user 
interface, full mouse support and extensive on-
line help, TableCurve brings powerful linear and 
non-linear curve fitting to your PC in an easy-to-
use, intuitive formal 
TableCurve is reasonably priced, backed by a full 
money-back guarantee and one of the strongest 
technical support staffs in the industry. Call 
Jandel today for more information on TableCurvt 
and other scientific software: 1-800-874-1888 
(inside U.S.) or 1-415-453-6700 • 
Our European office is: 
Schimmelbu5chstraBe 2S 
D-4OO6 Erkrath 2 • F'RG 
02104136098 
02104136099 
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HOW YOU CAN BENEFIT 
FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 
It you're a regular reader ot TECH BRIEFS, then you're already maklng use of 
one of the low·and no-cost servICes prOVIded by NASAs Technology Ut,llzatJOn 
(TU) Network. But a TECH BRIEFS subSCription represents only a fractJon 01 
the technical Information and applicahonSienglneenng servICeS offered by the 
TU Network as a whole. In lact, when all of the components of NASA's 
Technology Utilization Network are considered, TECH BRIEFS represents the 
proverbial liP of the Iceberg 
We've outlined below NASA's TU Network-named the participants, de-
scnbed the" servICes. and listed the IndMduals you can contact for more 
Information relating to your specific needs. We encourage you to make use of 
the Informahon, access, and applications services offered by NASA's Technol· 
ogy Utilization Network 
How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsel~bach NASA Field Center has a Technology Utilization 
Officer TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector. 
If you need further information about new technologies presented in NASA Tech Briefs. request the Technical Support Package (TSP). If a TSP is not available. you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research . He can arrange for assistance in applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are 
interested in licensing a NASA invention. contact the Patent Counsel at the NASA Field Center that sponsored the research . Refer to the NASA reference 
number at the end of the Tech Brief. 
Ames Resea rch Ctr. John C. Stennis Langley Research Ctr. Jet Propulsion Lab. George C. Marshall Houston, TX 77058 
Technology Utilization Space Center Technology Utilization NASA Residenl Office Space Flight Center (713) 483·3809 
Offlcer:Geoffrey S. Lee Technology Utilization Officer: Joseph J. Technology Utilization Technology Utilization Patent Counsel: 
Mail Code 223·3 Officer: Robert Mathis, Jr. Officer: Arif Husain Officer: Ismail Akbay Edward K. Fein 
MoffeU Field, CA 94035 Barlow Head. TU & AO Office Mail Stop 180·8010 Code ATOI Mail Code AL3 
(415) 604-4044 Code HA·30 Mail Stop 200 4800 Oak Grove Drive Marshall Space Flight Houston, TX 77058 
Patent Counsel : Stennis Space Center, Hampton, VA 23665·5225 Pasadena, CA 9t 109 Center, (713) 483·4871 
Oarrell G Brekke MS 39529 (804) 864·2484 (818) 354-4862 AL 35812 NASA Headquarters 
Mail Code 200·1 1 (601 ) 688·2042 Patent Counsel: Patent Counsel : (205) 544·2223 Technology Utilization 
MoffeU Field, CA 94035 John F. Kennedy Dr. George F. Henrich Thomas H. Jones Patent Counsel : Officer: Leonard A. Auij (415) 604·5104 Space Center Mail Stop 143 Mail Code 180·801G Robert L. Broad, Jr. <:ode CU 
Lewis Research Center Technology Utilization Hampton, VA 23665·5225 4800 Oak Grove Drive Mail Code CCOI Washington, DC 20546 
Technology Utilization Officer: James A. (804) 864·3221 Pasadena, CA 91109 Marshall Space Flight (703) 557·5598 
Officer: Anthony F. Aliberti Goddard Space Flight (818) 354·5179 Center, Assistant General 
Ratajczak Mail Stop PT·PAT·A Center Technology Utilization AL 35812 Counsel for Patent 
Mail Stop 7·3 Kennedy Space Technology Utilization Mgr. for JPL: Dr. Nor· (205) 544· 0021 MaUers: Robert F. 
21 000 Brookpark Road Center. FL 32899 Officer: Dr. George Alcorn man L. Chalfin Lyndon B. Johnson Kempf, Code GP 
Cleveland, OH 44135 (407) 867·3353 Mail Code 702 Mall Stop 156·211 Space Center Washington, DC 20546 
(216) 433·5568 Patent Counsel : Greenbelt, MD 20771 4800 Oak Grove Drive Technology Utilization (202) 453-2424 
Patent Counsel : Bill Sheehan (301) 286·5810 Pasadena, CA 91109 Officer: Dean C. Glenn 
Gene E. Shook Mail Code PT· PAT Patent Counsel : (818) 354·2240 Mail Code IC·4 
Mail Code LE·LAW Kennedy Space R. Dennis Marchant 
21000 Brookpark Road Center, FL 32899 Mail Code 204 
Cleveland, OH 44135 (407) 867·2544 Greenbelt, MD 20771 
(21 6) 433·5753 (301 ) 286·7351 
How You Can Utilize NASA's Regional Technology Transfer Centers (RITCs) - A nationwide network 
offering a broad range of technical services, including computerized access to over 100 million documents worldwide. 
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y ou can contact NASA's network of RITCs for assistance in solving a specific technical problem or meeting your information needs. The "user friendly" RITCs are staffed by technology transfer experts who provide computerized information retrieval from one of the world's largest banks of technical 
data. Data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC, are accessible through the six RITCs located throughout the 
nation. The RITCs also offer technical consultation services andlor linkage with other experts in the field . You can obtain more information about these 
services by calling or writing the nearest RITC. User fees are charged for information services. 
REGIONAL TECHNOLOGY TRANSFER CENTERS (RTICs) 
RTIC Directors 
NORTHEAST 
Dr. William Gasko 
Center tor Technology 
Commerciallzatton. Inc. 
MassachuseUs Technology Park 
1 00 North Drive 
Westborough, MA 01581 
(508) 870-0042 
MID-ATLANTIC 
Ms. Lanl S. Hummel 
UniverSity of PlUsburgh 
823 William Pitt Union 
P,Usburgh, PA 15260 
(412) 648·7000 
(800) 257·2725 (toll·free US) 
SOUTHEAST 
Mr J. Ronald Thornton 
Southern Technology Application 
Center 
University of Florida 
College of Eng. 
Box 24 
One Progress Boulevard 
Alachua, FL 32615 
(904) 462·3913 
(800) 354·4832 (FL only) 
(800) 225·0308 (toll·free US) 
MID-CONTINENT 
Mr. Gary Sera 
Texas Engineering Experiment Station 
Texas A&M University System 
237 WERC Collge Station, 
Texas 77843·3401 
409·845·8762 
800·548·1536 (toll·free US) 
MID·WEST 
Dr. Joseph W. Ray 
Great Lakes Industnal Technology Center 
25000 Great Northern Corporate Center 
SUite 450 
Cleveland, OH 44070·5310 
(216) 734·0094 
FAR-WEST 
Mr. Robert Stark 
Technology Transfer Center 
University of Southern California 
3716 South Hope Street, 
Suite 200 
Los Angeles, CA 90007·4344 
(213) 743·6132 
(800) 642·2872 (CA only) 
(800) 872·7477 (toll-free US) 
If you are interested in information, applications, research, training , and services relating to satellite and aerial data for Earth resources , contact NASA's 
transfer point for earth observing technology: Technology Appl ication Center, University of New Mexico, 2808 Central , S,E" Albuquerque, NM 
87131-6031 ; Dr. Stan Morain, Director (505) 277-3622. 
If you represent a public sector organization with a particular need, you can contact NASA's Application Team fortechnology matching and problem solving 
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O, Box 12194, Research 
Triangle Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980 
A Shortcut To Software COSMIC For software developed With NASA 
funding, contact COSMIC, NASA's Computer Software Management and Informa· 
hon Center New and updated programs are announced In the Computer Programs 
section . COSMIC publishes an annual software catalog. For more Information call 
or write: COSMIC, 382 Easl Broad Street, Athens, GA 30602 John A. Gibson, 
Olfector, (706) 542·3265: FAX (706) 542-4807 
If You Have a Questlon .. NASA Center For AeroSpace Infor-
mation can answer questions about NASA's Technology Utilization Network and 
ItS services and documents. The CASI staff supplies documents and provides 
referrals Call , write or use the feedback card In thiS Issue to contact: NASA Center 
For AeroSpace Information, Technology Utilization Office, PO. Box 8757, 
Baltimore, MD 21240·0757. Walter M. Helland, Manager. (410) 859·5300, Ext. 245. 
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I ATLAB '" 
High-Performance 
Numeric Computation 
and Data Analysis 
M A TLAB has rapidly become an industry standard for engineer-
ing and scientific research. Its unique 
interactive interface, algorithmic foun-
dation, easy extensibility, and speed 
make MA TLAB the software system of 
choice for high productivity and high 
creativity research. 
P roblems and solutions are expressed just as they are written mathemat-
ically - without the need/or traditional 
programming. As a result, you can 
solve numerical problems in a fraction 
of the time required to write a program in 
Fortran, Basic, or C. Then plot the 
results as 2-D and 3-D graphics, with 
publication-quality output to plotters, 
dot-matrix printers, and laser printers. 
"I can create algorithms so 
easily that it almost seems 
like cheating." 
Personal Engineering ~ 
Instrumentation News 
N d to MA TLAB your choice of tools for digital signal processing, 
system identification, control system 
design, and more. MATLAB's open-
system design lets you see the algorithms 
and the implementations, even change 
them to uit your specific requirements. 
M A TLAB is developed by The MathWorks, a leader in software 
for data analysis and mathematics. Our 
u ers- in thousands of companies and 
universities-know that MATLAB 
enables them to work more creatively 
and productively. Take a look at how 
MATLAB can do the same for you. 
MAn.AB I a mu:lemark of The MathWorks.lnc. Other product and brand names 
are trldemarks or regislen:d trademarlra of their respective holders. 
"MAILAR 
is the 
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Macworld 
Over 800 Built-In Functions 
"MATLAR's 
power and 
ease of use 
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taking the 
drudgery 
out of 
repetitive 
analysis 
projects. " 
• eigenvalues • 1-0 and 2-D FFTs • nonlinear optimization 
• matrix arithmetic • filtering • linear equation SOlving 
• matrix decompositions • curve fitting • differential equations 
• convolution • cubic splines • polynomial arithmetic 
• spectrum estimation • Bessel functions • descriptive statistics 
• complex arithmetic • elliptic functions • 2-D and 3-D graphics 
Plus Toolboxes for: 
• digital signal processing • control system design IEEE Spectrum 
• parametric modelling • chemometric analysis, and more 
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To find out more about MATLAB, call us at (508) 653-1415. 
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~~ Microstrip Reflectarray Antenna 
Potential advantages include light weight, ease of fabrication, and surface mountability. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed microstrip reflectarray anten-
na would provide two or more beams in dif-
ferent directions, without requiring po.ver-di-
viding circuitry. Although the original version 
of this antenna is intended for use aboard 
a spacecraft, terrestrial versions could be 
designed to be mounted on the ground or 
on the surfaces of such structures as ships, 
land vehicles, and buildings. Because the 
major part of a microstrip reflectarray an-
tenna would be flat, its mass and the cost 
of its fabrication are likely to be less than 
those of a paraboloidal reflector that has 
an aperture of equal size, and it could be 
mounted more easily, with less supporting 
structure. 
As the name suggests, a reflectarray 
antenna includes a reflecting array of small 
antennas or antenna elements fed through 
space by another small, low-gain anten-
na. Each antenna element in the array is 
connected to a short transmission line ter-
minated in a short or open circuit to make 
the element reflect the feed radiation out 
into space. The length of each transmis-
sion line is chosen to impart the desired 
phase to the radiation field of its antenna. 
element so that this field adds coherently 
with the fields of selected other elements 
to yield a beam with high gain in the d6< 
sired direction and with the desired angular 
width. If the element, such as the micro-
strip patch, can have different polarizations 
with good isolations, phases of elements 
could be chosen at will to yield two or more 
beams in different directions. This reflectar-
ry concept works well only when the num-
ber of elements is large (about 65,800 
would be required in the original space-
craft application) to avoid large backscat-
tered fields. 
The figure shows a simplified version 
of the proposed microstrip reflectarray. A 
slab of dielectric material with a thickness 
=s; 0.02 wavelength would be coated on 
the side facing away from the feed anten-
na with a thin layer of metal that would 
serve as a ground plane. A similar coat of 
metal on the side faCing the feed antenna 
would be etched in a pattern that would 
leave many identically sized and shaped 
microstrip patches. An open- or short-cir-
cuited microstrip transmission line of the 
required length would extend from each 
patch. Because the required change in 
phase would not exceed 3600 for any ele-
ment, none of the microstrip-patch trans-
mission lines would have to be longer than 
half a wavelength. Consequently, the inser-
tion losses associated with these transmis-
sion lines should be minimal, and the effi-
ciency of the microstrip reflectarray should 
approach that of a paraboloidal reflector 
(55 to 75 percent). 
A microstrip reflectarray antenna could 
be aimed at angles as large as 60° from 
the broadside direction; in contrast, a pa-
raboloidal antenna cannot aim more than 
a few beamwidths off the broadside direc-
tion. Phase shifters could be placed in the 
element phase-shift transmission lines to 
steer the beams electronically. One ma-
jor disadvantage would be that a microstrip 
reflectarray antenna would provide the de-
sired beam pattern over only a small fre-
quency range (a maximum of 3 percent). 
One relatively inexpensive way to over-
come this disadvantage is to construct the 
reflectarray in multiple layers, so that op-
eration could be optimized at multiple 
frequencies. 
This 'NOrk was done by John Huang of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir-
cle 25 on the TSP Request card. 
NPO-18460 
Circular 
Microstrip 
Patch 
Microstrip 
Transmission 
Line 
The Mlcrostrip Reflectarray Antenna could 
be made to radiate several beams in dif-
ferent directions by appropriate choice of 
the lengths of the microstrip transmission 
lines. In a practical antenna, the number 
of microstrip patches would be much 
greater than shown here. Although the pat-
ches shown here are round, they could be 
square or otherwise shaped to meet the 
deSign requirements. 
~gpimple Superconducting "Permanent" Electromagnet 
The design would exploit maximally the anisotropy of a high-temperature-superconducting material. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed short tube made of a high-
temperature-superconducting material like 
YBa2Cu30 7 would act as a strong elec-
tromagnet. It would be a "permanent" 
magnet in the sense that once the mag-
netizing electric current was induced, it 
would continue to flow as long as the mag-
20 
netic field remained below a critical value 
and the temperature of the cylinder was 
maintained sufficiently below the super-
conducting-transition temperature (about 
70 K for YBa2Cu30 7). 
Some previous efforts to develop mag-
nets that incorporate superconductors 
have involved the use of high-temperature-
superconductor wires. At present, bulk 
specimens of these materials have super-
conducting properties superior to those of 
wi re specimens. Other previous efforts 
have involved trapping of magnetic fluxes 
in tubes made of bulk superconducting 
NASA Tech Briefs, June 1992 
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abrasion resistance in this 
critical , adjustable, sealed-air 
bladder. Let us show you how 
you can design for 'can't-fail ' 
applications with Stevens 
urethane films as thin as .001 '. 
Call today for our free 
design guide. 
JPS Elastomerics Corp. 
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Cylindrical 
Axis 
I 
TUBE OF SUPERCONDUCTOR AND ORIENTATION 
OF CRYSTALLINE AXIS 
APPLICATION OF MAGNETIC FIELD 
MAGNETIC FLUX TRAPPED IN 
SUPERCONDUCTING TUBE 
Tube of Superconductor 
Marked as Though 
Sliced Along 8-b Planes 
c Axis 
~ 
a Axis 
Permeable Ring 
Return of Flux 
Tube of 
Superconductor 
A Hollow Cylinder of High-Temperature Superconductor would be 
energized into a simple solenoidal electromagnet by the well-known 
flux-trapping technique. 
materials, but have involved the application of magnetic 
fields three times as large as the fields eventually trapped. 
The design of the proposed superconducting tube would 
take maximum advantage of the anisotropy of the bulk high-
temperature superconducting material. Furthermore, mag-
netization could be performed by use of a relatively weak 
electromagnet coil aided by the flux-multiplying effect of a 
highly permeable core. 
The tube would be machined out of a piece of the 
superconducting material oriented so that its c crystalline 
axis lies parallel , and its a and b crystalline axes lie perpen-
dicular, to the cylindrical axis of the tube. As a result of this 
geometry, the electric currents that support the magnetic 
field trapped in the tube would have to flow in the a-b plane 
(see figure) in which the critical current density (beyond which 
the superconductivity is lost) is greater than in other planes. 
In preparation for magnetizing the cylinder, one would insert 
a solenoidal electromagnet with core of high permeability in 
NASA Tech Briefs, June 1992 
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the tube and mount an external highly 
permeable cylinder and ring for return of 
the flux to be generated by the solenoid. 
A small current (sufficient to generate 
a flux density of about 0.01 tesla in the 
absence of the core) would be applied to 
the solenoid winding, giving rise to a sat-
uration flux density of about 2 tesla in the 
core if, for example, the core were made 
of iron. Then the entire assembly would 
be cooled below the superconducting-tran-
sition temperature. 
Once the tube was superconducting, 
the current would be turned off, and .the 
solenoid and external flux-return pieces 
would be removed. So long as the tube 
remained superconducting, the magnetic 
flux would remain trapped in the tube at 
a density of about 1 or 2 tesla. The maxi-
mum attainable density of trapped flux 
would be limited by the critical magnet-
ic field (or current density) of the super-
conductor and would be a function of the 
wall thickness of the tube (typically 0.4 to 
0.5 cm). 
This work was done by Uif E. Israelson 
and Donald M. Strayer of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 118 on the TSP 
Request Card. 
In accordance with Public Law 96-517, 
the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be ad-
dressed to 
Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 
Refer to NPD-18271, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
~gpkp Device Made With Edge-Defined Geometry 
Small-cross-section, normally conducting bridges can be fabricated by present lithographic techniques. 
NASA's Jet Propulsion Laboratory, Pasadena, California patterned by lithography. Next, the desired 
edge is cut in the YBa2Cu30 7_6 layer by 
YBa2Cup7 _ J Au/Nb superconductor/ 
normal-conductor/superconductor (SNS) 
microbridge devices have been fabricated 
by use of now-standard lithographic tech-
niques and by use of edge geometry to de-
fine normally conducting links (also called 
the "bridges" or "weak links") that have 
submicron-by-several-microns cross-sec-
tional dimensions. The fabrication of a de-
vice (see figure) begins with the deposition 
of a high-critical-temperature superconduc-
tive film of YBa2Cu30 7_6 500 to 5,000 A 
thick on a substrate. This film is destined 
to become the superconducting base elec-
trode. In the same vacuum system, a layer 
of Au 100 to 1,000 A thick is immediately 
deposited on the YBa2Cup7_6' and a 
layer of Nb is deposited on the layer of Au. 
The Nb and Au are patterned by photo-
lithography and reactive-ion etching. A 
layer of AI20 3 or other insulator is then 
deposited to overlap the Nb/ Au layers and 
24 
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For More Information Circle No. 435 
milling with Ar ions. The Nb and AIP3 lay-
ers serve as ion-milling masks so that the 
desi red edge in the YBa2Cup7 _ 6 is au-
tomatically aligned with the edge of the 
Au 
l Substrate 
Nb Counterelectrode 
Au 
SIDE·VIEW CROSS SECTION AT 
FOUR STAGES OF FABRICATION 
Counterelectrode 
TOP VIEW AT LAST STAGE 
This Edge·Defined SNS Device is shown 
at several stages of fabrication . 
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. , 
STATUS. LtOS"TrACS (hXv ld, 'dev t.yPe. lLIO$1t HAP I I 
itt IISTA'l'US l sTlS,",_succe:lS) I LIBUIGHAL(STATUS); 
/. Sat up the AXVll-C to u.e the synchronous I/O int.artace . 0/ 
STAroS - LIOSS!'!' I ( U XV iel, 'LIOSJI: SYflCH, ,OJI 
if (I (STATUS' STSSH_success II LIB$SlGNAL( STATUS); 
/ 0 Sat up A.XVll-C channal 1 for input. 0/ 
S'rATUS .. LIOSSET 1 ,,-.xv id, lLIon: AD CIlAN, 61, l2" 
it(IISTATUS' s'lfsslI_succeslll-LIBSSIGNALISTAruSll 
'0 Set up a channel 'lid" ot I. . , 
STATUS" LIOSS!T I (u.xv lel, l LIOU AD CAlli, ll, ll); 
if t I (STM-uS 6 slS$,",_succ£sl) I-LIB$SIGNAL( STATUS) I 
, . TrN9ge~ on LIOSREAD and fill buffe~ as fut a. po.sible. - / 
ST.uuS - 1.10$StT I (un id. lLIOSIt TJtlG, l1. lLIOSlt.lMH 8UlUIT); if. I (STATUS l S'fS$M_Suca.s'l)) LfBSSIGNAL(STATUS'j I 
DEC REA L TIM E I NT E G RAT 0 R M A K E 5 ITS IMP L E. 
With DEC Realtime Integrator, 
you can be working with results 
in the time it takes you to wres-
tle with syntax errOl-So Because 
as a complete graphical pro-
gramming environment for 
realtime data acquisition and 
testing, it makes building an 
application as simple as draw-
ing a picture. 
And since DEC Realtime 
Integrator is open, it lets you 
work the way you want to 
work. It can be used with lEEE-
488 and RS-232 instruments 
from any vendor - including 
Tektronix and HP - and runs 
on any Digital VAX or RISC 
platform. Plus it allows you to 
send data to your favorite 
analysis and report -writing 
packages. 
For more information, includ-
ing our free video "Realtime In 
No Time: ' caU 1-800-DEC-RTI-1. 
And you'll see that setting up a 
test program doesn't have to 
be ate s t 0 f ,,o-on_O™ 
your patience . ~ ~ r~ 
DIG I , A L. , H E OPEN A D V ANT AGE. 
@DIGITAL EQUIPMENT CORPORATION 1992. THE DIGITAL LOGO. DIGITAL, DEC AND VAY. ARE TRADEMARKS OF DIGITAL EQUIPMENT CORPORATION. 
HP IS A TRADEMARK OF HEWLETT-PACKARD. TEKTRONIX IS A TRADEMARK OF TEKTRONIX, INC. 
For More Information Circle No. 513 
A1203. (After fabr ication, the Nb and Au 
layers serve as electrical contacts to the 
YBa2Cu30 7 _ c5 superconductive base 
electrode.) 
Au is deposited, then in some cases 
is patterned by ion milling to remove all 
of it except on the aligned edges of the 
YBa2Cu307_c5 and A1203. The portion that 
remains on the edge of the YBa2Cup7_c5 
will become the normally conducting 
link. Finally a layer of Nb (or optionally 
YBa2Cu30 7_c5) is deposited to serve as 
the superconducting counterelectrode. 
This electrode is reactive-ion-etched or 
ion-milled into the required narrow strip 
crossing the edge of the YBa2Cu307_ c5 
base electrode. 
One of the advantages of the edge-de-
fined geometry is that the thickness of the 
Au film, which determines the length of the 
normally conducting link, is readily made 
less than 1,000 A. The significance of this 
length is that it is approximately the nor-
mal-conductor coherence length for gold 
at an operating temperature of 4.2 K, and 
the link must be shorter than a few times 
this length to operate in the desi red man-
ner. If edge-<:Jefined geometry were not 
used, other fabrication techniques that are 
much more demanding would have to be 
used. Another advantage of the edge-de-
fined geometry in general is that it sim-
plifies the fabrication of a link of very small 
cross-sectional area. 
Yet another advantage of this particular 
edge-<:Jefined geometry is a consequence 
of the fact that the YBa2Cup7_c5 is most 
easily deposited with the high-current-<:Jen-
sity, long-coherence-Iength a-b crystalline 
planes parallel to the substrate surface. 
The edge geometry allows current to flow 
only in these planes and takes advantage 
of the longer coherence length at the 
critical vB~CuPMT_ cRLAu interface. As a 
result, the sensitivity of the device to dam-
age on the edge of the YBa2Cu307_c5 is 
reduced. 
This oork was done by Brian D. Hunt 
and Marc C. Foote of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 86 on the TSP Request 
Card. 
NPO-18303 
~~ Dual-Passband Microwave Dichroic Plates 
Holes in perforated metal plates are filled with dielectric to improve diffraction patterns. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Dual-passband dichroic plates are being 
developed for use in microwave comrtlu-
nication systems. Calculations and experi-
ments with prototypes have verified the 
basic design concept, according to which 
a thick metal plate is perforated with a 
regular hexagonal or other suitable pattern 
of holes and the holes are filled with a 
dielectric material. The arrangement and 
sizes of holes, the distances between 
them, and the material and dimensions of 
the dielectric plugs are chosen to satisfy 
design requirements, especially with re-
gard to transmittance, reflectance, dissipa-
tion, and diffraction as functions of frequen-
cy, direction of incidence, and polarization. 
The figure shows one of four prototypes 
designed to meet the following require-
ments, among others: 
• Insertion loss < 0.04 dB (nearly total 
transmission) at frequencies from 7,145 
to 7,190 MHz and 8,400 to 8,450 MHz 
(the two passbands) at an angle of inci-
dence of 30° , and in both polarizations 
(perpendicular and parallel to the plane 
incidence); 
• Insertion loss > 45 dB (nearly total reflec-
tion) at frequencies from 2,090 to 2,320 
MHz (the stop band); and 
• Ability to maintain these electrical char-
acteristics while passing 100 kW of con-
tinuous-wave power in either or both of 
the two passbands or reflecting 100 kW 
of continuous-wave power in the stop 
band. 
Perforated-metal dichroic plates have 
been in use for several years, but the holes 
in the plates have been left unfilled. The 
concept of filling the holes with dielectric 
material (in this case, polytetrafluoroethy-
lene) was introduced because it was not 
possible to design an unfilled-hole plate 
to satisfy the specific requirements men-
tioned above: a plate with unfilled holes 
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would give rise to undesi red diffraction-
grating lobes in the 8,400-to-8,450-MHz 
passband at an angle of incidence of 30°. 
The theory shows that when dielectric 
plugs are used, holes can be made smaller 
and closer together; this, in turn, reduces 
the grating lobes that arise at 30° and 
other angles of incidence. 
Antenna-pattern tests of the prototype 
dichroic plates did not reveal any unusual 
behavior such as might be caused by un-
expected surface waves or unexpected dif-
fraction-grating lobes. The results of the 
experiments generally confirmed the theo-
retical predictions. 
This oork was done by Tom Y. Otoshi 
and Robert C. Clauss of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 155 on the TSP 
Request Card. NPO-17688 
This Perforated Metal Plate With Dielectric-Filled Holes acts as a dual-passband 
dichroic microwave plate. The use of the die lectric enables the use of smaller, more-
closely-spaced holes; this, in turn , reduces undesired diffraction-grating lobes. 
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Pseudomorphic Single-Quantum-Well Lasers Emit at 980 nm ~~ 
These lasers are suitable for pumping erbium-doped optical-fiber amplifiers. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Narrow-stripe semiconductor lasers that 
emit at a wavelength of 980 nm have been 
fabricated and tested. A laser of this type 
includes a pseudomorphic In0.2GaO.8 As/ 
GaAs/ AlxGa1_ xAs graded-index-of-refrac-
tion, separate-confinement-heterostructure 
single quantum well (GRINSCH SOW) with 
an overlaid ridge waveguide. These lasers 
are suitable for pumping Er3+'doped opti-
cal-fiber amplifiers; e.g., in optical-fiber com-
munication systems and optical phased-
array ranging ("optical radar" ) systems. 
The wavelength of 980 nm is chosen as 
the one that yields the most efficient pump-
ing because there is no absorption in ex· 
cited states at this wavelength. 
The laser structure (see Figure 1) is 
grown by molecular-beam epitaxy. The re-
quired combination of the thickness of the 
quantum well and the concentration of 
InAs in the well is determined from calcula-
tions in which strain and quantum size ef-
fects were taken into account. The single-
quantum-well active layer is 60 A thick 
and is sandwiched between two GaAs 
layers 50 A thick. These layers are sand-
wiched between two graded-index-of-re-
fraction layers of AlxGa1_ xAs 1,700 A 
thick, in which x varies with depth from 
0.05 to 0.5. All of the foregoing layers are 
sandvviched between two 1.0-pm-thick clad-
ding layers of AI o.5G305As, one p-doped, 
the other n-doped. 
Accurate control of the wavelength of 
the emitted light is essential to match the 
wavelength of maximum pumping efficien-
cy of an Er3+-doped optical-fiber amplifier. 
The use of the ridge waveguides facilitates 
this match in that the fabrication of these 
waveguides does not involve postgrowth 
high-temperature processing, which could 
alter the wavelength of the emission; they 
are formed along the [011] direction by wet 
chemical etching. In the prototype lasers, 
the ridge waveguides are 6 Ilm wide. The 
height of these ridge waveguides, 0.9Ilm, 
is chosen to produce a lateral step of 
1 X10- 3 in the effective index of refrac-
tion to ensure lasing in the fundamental 
mode for high coupling into a single-mode 
optical fiber. 
A layer of Si02 half a wavelength thick 
serves as an anti reflection coat on the 
front facet of each laser, while multiple 
layers of SiO alternating with Si02 serve 
as a highly reflective coat on the rear facet. 
The distance between the front and rear 
facets is 600 Ilm . The maximum output 
(beyond which failure occurs) through the 
front facet is about 220 mW. The maximum 
electrical-to-optical power-conversion ef· 
ficiency is about 37 percent at an output 
power of about 140 mW. The efficiency of 
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coupling of the output power into an op-
tical fiber is about 20 percent. 
This oork was done by Anders Larsson, 
Siamak Forouhar, Jeffrey G. Cody, and 
Robert J. Lang of Caltech and Peter A. 
Andrekson of American Telephone and 
Telegraph Company Bell Laboratories for 
NASA's Jet PropulSion Laboratory. For 
further information, Circle 1 on the TSP Re· 
quest Card. NPO·18264 
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Books and Reports 
These reports , studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's) when a Request Card number is 
cited; otherwise they are available from the 
National Technical Information Service 
Emissions Tests of Two 
de-to-de Converters 
A power converter that 
interferes minimally with 
delicate scientific 
instruments is sought. 
A report describes tests to characterize 
the unwanted electric and magnetic fields, 
at frequencies up to a few megahertz, ra-
diated by two dc-to-dc converters. The 
tests were part of an effort to develop a 
"quiet" power converter for use aboard a 
spacecraft. The converter is required to in-
terfere minimally with nearby delicate sci-
entific instruments that would measure 
electric and magnetic fields. 
One of the units tested was a 20-kHz 
square-wave converter; the other, a 33-kHz 
sine-wave converter. The unit under test 
was placed on a copper-top bench in an 
electromagnetically shielded chamber, 
FLU KE AND PHI LIPS - T H E GLOBAL ALLIANCE IN T E S T &. MEASU R E ME N T 
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Save a pile on 
temperature measurement. 
With Hydra, you don't need a stack of 
PC boards and signal conditioners to 
measure temperature with a PC. 
Hydra is proof that less is more. With 
a Hydra, your PC can tackle virtually any 
multipoint temperature measurement. 
Hydra is extremely easy to set up and 
reconfigure. Instead of fussing with extra 
hardware, use its Universal Input Module 
to connect up to 20 thermocouples or RTD 
inputs. Just plug the module into Hydra, 
push a few buttons to set up measure· 
ments, and then connect Hydra to your 
PC via RS·232. The payoff is immediate. 
Speedy data acquisition and analysis. 
cation software. And they're compatible with 
popular analysis and spreadsheet packages. 
Hydra can also measure AC volts (true 
rms), DC volts, reSistance, and frequency. So 
if you 're looking for a complete temperature 
measurement system, get a Hydra. And save 
a heap. 
For a free demo disk or more information, 
call1-800-44·FLUKE. 
John Fluke Mfg. Co., Inc. P.O. Box 9090, Everett, WA 
98200. U.S.: (206) 356·5400. Canada: (416) 890-7600. 
Other counlries: (206) 356·5500. 
© 1991 John Flcke Mfg. Co., Inc. All rights reserved. 
Ad No. 00108. 
No additional expense for hardware. 
.. _. I Our model 2620A can be connected real·time to your PC. The 
2625A has built·in memo 
ory for data buffer· ~ .••. ;... = -- --ing. Both are PC·based and include PC appli· .. . -----
FL.UKE ® 
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connected to a load bank. A load-current 
probe picked up conducted emiSSions, a 
loop antenna picked up magnetic-field 
emission's, and other antennas picked up 
broadband and narrow-band electric-field 
emissions. The dc power supply for the 
converter under test and the emission-
spectrum-analyzing equipment were lo-
cated outside the shielded chamber. 
With respect to the desirability of mini-
mizing electromagnetic interference with 
other eqUipment, the 33-kHz sine-wave 
unit was found to be the better of the two 
converters. Its radiated broadband emis-
sions were within the limits specified for 
the particular spacecraft application, al-
though its radiated narrow-band emissions 
were 3 dB too high at 6.6 MHz and 5 dB 
too high at 8 MHz. Its electric- and mag-
netic-field emissions at 33 kHz were also 
above specified levels but could likely be 
reduced by use of shields made of highly 
magnetically permeable metal ("mu metal"). 
The conducted emissions from both units 
included components at the fundamental 
switching frequencies and harmonics. 
Electrostatic shielding was installed on the 
primary windings of the main transformer 
of the 33-kHz sinusoidal unit to reduce 
capacitive coupling between the primary 
and secondary winding; this reduced noise 
currents by as much as 38 dB in some 
cases. 
The report concludes with several rec-
ommendations to reduce the emissions 
from the 33-kHz sinusoidal converter. These 
include the following: 
• Install electrostatic shielding both to re-
duce conducted emissions as stated 
above and to reduce radiated electric-
field emissions at 66 kHz and higher 
harmonics. 
• Perform additional tests to determine 
whether the placement of a shield on the 
secondary side and grounded on one of 
the secondary-side ground planes will 
reduce load-induced conducted noise on 
the main input power bus. 
• Investigate the use of ferrite beads and 
other measures to reduce emissions on 
the main input power bus. 
• Follow strict electromagnetic-interference-
prevention design guidelines to eliminate 
leakage of electric fields. 
• Enclose each transformer in a high-per-
meability shield to reduce its magnetic 
emissions. 
• Until it can fully be demonstrated that the 
candidate dc-to-dc converter satisfies all 
emission specifications, the fundamen-
tal switching frequency of the converter 
should be made a subharmonic of the 
frequency of the synchronizing signal 
used in the scientific instruments, and the 
converter should be synchronized with 
the instruments so that the instruments 
could be made to gather data between 
harmonic emissions. 
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This v.ork was done by Colonel W T. 
McLyman of Caltech for NASA's Jet Pro· 
pulsion Laboratory. To obtain a copy of 
the report, "Quiet Converter," Circle 123 
on the TSP Request Card. 
NPO-18468 
Effect of Funneling 
on Collected Charge 
The total charge collected 
from impact of an ion on a 
pin junction is estimated. 
A report discusses the collection of elec-
trical charge from the track of an energetic 
heavy ion through a reverse-biased n+/p 
junction in a semiconductor device. This 
study focuses on the effect of funneling 
upon the total charge collected by a low-
impedance (ideally, a voltage source) exter-
nal circuit; this total charge is the current 
integrated over the time necessary to re-
cover from the ion hit. As used here, "fun-
neling" denotes a phenomenon caused by 
interactions among the evolving distribu-
tions of electrons, holes, and electrostatic 
potentials during the recovery-and-charge-
collection time; funneling is the enhance-
ment, by the voltage drop across the sub-
strate, of the flow of minority carriers (in 
this case, electrons) from the substrate into 
the depletion region. 
The report presents a detailed qualita-
tive description of the collapse of the deple-
tion region and the subsequent recovery. 
The collapse involves the rearrangement 
of charge carriers within what was initial-
N~N the boundary of the depletion region. 
Because the electric field is much stronger 
in the depletion region than it is anywhere 
else in the device, the collapse can be 
assumed to occur instantaneously upon 
formation of the ion track, for purposes of 
the analysiS. 
To simplify the analysis further, it is as-
sumed (1) that densities of injected charge 
are large enough that the density of elec-
trons nearly equals the density of holes 
in the substrate and (2) that the ratio be-
tween the diffusion constants for electrons 
and holes equals the ratio between the 
mobilities of electrons and holes. These 
assumptions are applied to the basic equa-
tions for the drift and diffusion components 
of the electron and ion currents, leading 
to the following equation for the total col-
lected charge, Qr: 
. Qr = (1+J1.r/J1.p)Qo+2 Qdiff 
where Qo is the charge initially liberated 
in the depletion region, Qdiff is charge col-
lected by diffusion, J1.n is the electron mo-
bility, and J1.p is the ion mobility. 
The report goes on to discuss the esti-
mation of the diffusion current, which in-
volves the solution of a boundary-value 
problem to estimate the gradient of the 
electron density. Provided that the ion track 
is sufficiently long and the device does not 
include a thin epilayer, an ambipolar-diffu-
sion equation can be used to calculate 
Qdiff' Next, methods of computing (1 + J1.r/ 
gN.~ Qo are discussed. Finally, numerical 
results of equations derived in this study 
are compared with those obtained by ap-
plying the PISCES computer program to 
the same problem. The equations of this 
study are found to overestimate the col-
lected charge at short times and to under-
estimate it at long times, but to agree sub-
stantially with the PISCES prediction at 
times ranging from 10 to 20 ns, which are 
representative of recovery times of typical 
devices. 
This v.ork was done by Larry D. Edmonds 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, 
' :4 Simple Estimate of Funneling Assisted 
Charge Collection," Circle 145 on the TSP 
Request Card. 
NPO-18286 
Rated Temperature of 
Silver/Zinc Batteries 
Is Increased 
Batteries can be operated 
49 ° F (27 0c) above the 
previous maximum. 
Silver-zinc batteries of a specific com-
mercial type (28 V, 20 A·h, Eagle-Picher 
Battery MAR 4546-5) can be operated 
safely at higher temperature than previous-
ly thought possible, a report shows. The 
report is based on tests in which batter.ies 
of this type were operated at temperatures 
up to 239 OF (115°C) without going into 
sustained thermal runaway. Previously, 
190 ° F (88 0c) was thought to be the thresh-
old temperature for thermal runaway. 
In one of the tests, a fully charged bat-
tery was heated to an initial temperature 
of 108 OF (42°C), then placed in a vacuum 
and discharged at a constant of 84 am-
peres. During the discharge, its tempera-
ture rose to 239 OF (115°C). The discharge 
was stopped after 19.2 minutes, when the 
remaining energy stored in the battery was 
less than 1 ampere·hour. No thermal run-
away occurred, although the cell vented 
electrolyte at 216 OF (102°C). 
The report concludes that silver/zinc 
batteries can operate at high temperatures 
for short times without going into thermal 
runaway. However, it also cautions that 
thermal runaway of a silver/zinc battery de-
pends on its size, its internal construction, 
and the amount of electrolyte it contains. 
This v.ork was done by Derek P Hill of 
Martin Marietta Corp. for Marshall Space 
Flight Center. To obtain a copy of the re-
port, -"Eagle Picher 28 Volt 20 Amp Hour 
Silver Zinc Batteries Operated at High Tem-
perature," Circle 72 on the TSP Request 
Card. MFS-28608 
NASA Tech Briefs, June 1992 
How to use ThermofoirM heaters to 
solve your heating problems 
IDEAS FROM THE MI CO DESIG FILE 
Forget your old notions about 
electric heating elements. 
You can do more with 
Thermofoil - the 
flexible solution to 
tough heating 
problems. 
To eliminate uneven temperatllre gradients 
add higher waltage around holes and edges. 
Go where no heater has 
gone before 
Only 0.01" thick, Thermofoil 
heaters wrap around the corners 
and contours of the most 
complex devices. Because you 
can mount them onto your 
product, you don't have to make 
them fit into your product. 
Designs get finished faster. 
Thermofoil heaters install with 
cements, epoxies, press-in-place 
backing, or tape - all 
available from Minco. Or 
we can factory mount 
heaters to mating 
parts. 
Improve 
performance 
with etched-foil design 
Elements are etched from thin 
metal foil, like a printed circuit. 
The flat foil covers more area 
and transfers heat better than 
wire. That means faster warmup, 
quicker response, and longer life 
because the element runs cooler. 
Computer-generated element 
patterns are easy to customize. 
You can specify promed heaters 
with more heat along edges to 
compensate for losses. Or 
multiple heating elements, side-
by-side or concentric, within the 
same heater. 
Specify the right insulation 
Minco offers a wide choice of 
insulations to meet application, 
environmental, and cost 
objectives: 
Kapton: Lightweight, chemical 
resistant, space qualified to 
NASA S311-79. For aero-
space and medical. 
Silicone rllbber: Best for indus-
trial and commercial equip-
ment. Can be vulcanized 
to heat sinks without 
adhesives. 
Mica: Higb temperatures 
(10 600°C), high wattage 
(10100 watts/square inch). 
Polyester: For transparent 
or low-cost heaters. 
Flat or formed. 
Take control with Minco 
sensors and controllers 
Heaters are available with 
integral resistance thermometers 
and other sensors for close 
temperature tracking. Specify 
Minco controllers to complete 
your system - from 114 DIN 
proportional units to Heaterstat™ 
DC controllers that sense 
temperature from the heating 
element itself. 
You'll find more design ideas, plus 
2000 standard models, in Bulletin 
HS-201. Call, write, or circle the 
number below for your copy. 
Phone: 612/571-3121 
Telex : 687-9025 FAX: 612/571 -0927 MI co 7300 Commerce Minneapolis, M N 55432-3177 USA 
PRODUCTS, INC. 
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Study of dc Modulation 
Noise in Magnetic 
Recording Disks 
Inhomogeneities in the 
recording medium are the 
dominant sources of noise. 
A report discusses de rncxiJlation noise in 
the thin-film magnetic medium on a magnet-
ic recording disk. It presents a theoretical 
study of the statistical and spectral charac-
teristics of this noise and describes an ex-
perimental study of the dependence of this 
noise upon the applied magnetic field, the 
thickness of the magnetic layer, and the 
roughness of the surface of this layer. 
Direct-current modulation noise is the 
fluctuating signal superimposed on the 
nominal zero output of a recording/play-
back head traveling along a recording 
track on a disk after the disk has been first 
magnetized with a de field along the track, 
then remagnetized with a field of the op-
poSite polarity. In this study, dc modula-
tion noise is attributed to the nucleation 
of isolated regions of reversal of magnet-
ization in the recording medium and to the 
growth and coalescence of those regions 
with increasing reverse applied magnetic 
field. The boundaries of these regions, 
called "pseudotransitions," are sources of 
32 See us at the AFCEA Show - Washington, DC 6/23-6/25 Booth #1275 
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diverging magnetization and of fringing 
magnetic fields, which are sensed by the 
recording/playback head. 
According to this physical model, rela-
tively little reversal of magnetization occurs 
and, therefore, little noise is generated 
when the peak reverse magnetic field is 
significantly less than the coercivity of the 
medium. As the peak reverse magnetic 
field is increased, more noise appears be-
cause the medium becomes more strong-
ly marked with pseudotransitions induced 
by partial reversal. As the peak reverse 
magnetic field continues to increase, this 
noise diminishes as the magnetization be-
comes more nearly completely reversed 
and spatially uniform. 
For the theoretical study, the distribu-
tion of the pseudotransitions in time and 
space is represented as a statistical event-
arrival process governed by the Wei bull 
distribution, which can be regarded 'as a 
generalization of the Poisson distribution. 
The Weibull distribution is used to com-
pute the autocorrelation function of the dc 
modulation noise and the power spectral 
density of this noise as a function of the 
frequency, the length of the gap in the re-
cording/playback head, the speed of the 
head along the track, the expectation value 
of the magnitude of magnetization, and a 
L.mentzian-pulse-duration parameter. 
Experiments were performed on alumi-
num disks plated with cobalt-alloy magnetic 
recording layers of various thicknesses 
from 25 to 60 nm. Initial saturation-level 
signals were written, then erased, then 
overwritten with reverse signals, and the 
cycle repeated, increasing the reverse sig-
nals in steps until saturation was reached. 
After these measurements were taken, 
bulk magnetic properties of the disks were 
measured, and the roughnesses of their 
surfaces were measured with a surface 
profilometer. 
The playback signals were processed 
through a spectrum analyzer and proc-
essed further in a computer. Electronic 
noise was digitally subtracted from these 
signals; then the theoretical power spec-
tral density was fitted to the measured spec-
trum by an iterative technique. When the 
fits were completed, the theoretical model 
of dc modulation noise was found to agree 
with the experimental data with correla-
tions greater than 0.99. The trends observed 
in the experimental data indicate that the 
inhomogeneities in the magnetic recording 
media, and not the roughnesses of their 
surfaces, are the dominant sources of noise. 
This wrk was done by Romney R. Katti 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"Thickness and Roughness Dependence 
of dc Modulation Noise in Thin Film Mag-
netic Recording Disk Media," Circle 14 on 
the TSP Request Card. NP0-18219 
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Performances of 
Arrays of Ge:Ga 
Far·lnfrared Detectors 
Tests revealed deficiencies 
that must be overcome 
in future designs. 
A report presents an evaluation of the 
performances of two electronic modules 
that contained few·element linear focal-
plane arrays of Ge:Ga photodetectors and 
associated multiplexing readout circuitry. 
These modules were tested to demonstrate 
preliminarily the feasibility of many-ele-
ment, two-dimensional focal-plane arrays 
of far-infrared (or submillimeter-wave) de-
tectors and associated circuitry for use in 
astronomical and other low-background 
scientific observations. 
Module 1 contained eight discrete front-
illuminated 1- by l-mm detector elements, 
only four of which were active. The associ-
ated circuitry included discrete metal ox-
ide/semiconductor field-effect transistors 
(MOSFET's). Module 2 also contained 
eight 1- by l-mm detector elements, two 
of which were active. The circuitry asso-
ciated with the active elements included 
integrated MOSFET's. The arrays in both 
modules operated in an integration-and-
reset/multiplexing scheme. 
The modules were tested in a low-back-
ground-radiation environment in a cryogen-
ic chamber, in which they were cooled by 
liquid helium to 4.2 K and lower tempera-
tures. Infrared radiation from a black body 
at various temperatures up to 80 K was 
passed to the detectors through a stack 
of filters, the output spectrum of which was 
centered at 106 JAITl, with 1.25 JAITl full width 
at half maximum. The responsMties, noises, 
and other parameters of the detectors and 
the readout and multiplexing circuits were 
measured. 
At a temperature of 4.2 K and a detec-
tor bias of - 264 mV, the average respon-
sivity was about 300 A/w. At 4.2 K and a 
detector bias of 350 mV, the optimum sys-
tem readout noise was 6,100 electrons per 
sample, and the noise-equivalent power 
was 10- 16 W/-JHz.. The tests revealed 
several deficiencies that must be over-
come to make future designs successful. 
The most notable deficiencies are signifi-
cant variations (about 25 percent) among 
the responsivities of detector elements, and 
low breakdown voltages (about ± 300 mV). 
The report draws several conclusions 
that can be summarized as follows: 
• The Ge:Ga arrays are not yet perfected 
sufficiently to enable the accumulation of 
reliable data on performance, though the 
preliminary data are encouraging. 
• The nonuniformity of responsMty is a seri-
ous disadvantage that is magnified by the 
smallness of the breakdown voltage and 
could impose severe limitations even with 
detectors at peak performance. The solu-
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tion may involve different types of 
MOSFET's that have more nearly uniform 
characteristics. 
• The charges injected by the MOSFET 
switches during reset pulses give rise to 
voltages that exceed the detector biases. 
Compensation for these transient Signals 
is not a viable solution because the detec-
tors become unstable and noisy when 
their bias voltages cross zero. 
• The multiplexing scheme and the integrat-
ed-circuit technology, which are suitable 
for detectors that operate at shorter wave-
lengths and that have very large break-
down voltages, may not be suitable for 
Ge:Ga photoconductors. 
• Low-noise cryogenic field-effect transis-
tors appropriate for use with detectors 
that have low breakdown voltages should 
be developed for use in arrays of far-in-
frared detectors. 
This work was done by C. McCreight of 
Ames Research Center and J Fartromand 
of Orion TechnoScience. Further informa-
tion may be found in NASA TM-102275 
[N91-14087], "Performance of Multiplexed 
GE:GA Detector Arrays in the Far Infrared." 
Copies may be purchased [prepayment 
required] from the National Technical In-
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
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HOW TO EXTEND 
YOUR CAD POWER 
Witl, Generic CADD, you can put tlle power and productivity of CAD on every desk. From 
engineering to manufacturing to tooling and more, Generic CADD allows you to view, 
edit, export and print your valuable AutoCAD* designs, or sketch design concepts. Generic 
CADD runs on standard PCS, Macs, and laptops, utilizing existing hardware. At $495, it's 
the economical way to extend CAD power. To leam why over 300,000 people have powered 
up with Generic CADD software, call 1-800-228-3601. 
Ask for Info Pak #A29. 
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Computing Modulation Losses in a Communication System 
An improved method involves less computation than a "brute-force" method does. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
An improved method accelerates the 
computation of the means and variances 
of modulation losses in a radio communi-
cation system in which telecommand, 
telemetry, and turnaround ranging signals 
are transmitted between two stations via 
phase modulation with residual carrier sig-
nal. The term " modulation loss" is some-
what misleading in that it does not mean 
a loss in the usual sense: it denotes the 
fraction of the total transmitted power 
allocated to (or, if you prefer, "lost to") a 
designated channel (see figure). The 
method was developed to compute the 
modulation losses in a spacecraft/ground-
station system but presumably could be 
modified for application to any similar ter-
restrial or aerospace system that involves 
one-way and/or two-way transmission, in-
cluding retransmission. 
In general, the means and variances of 
the modulation losses can be computed 
from (1) the nominal values and tolerances 
of design parameters (specifically, modula-
tion indices and modulation losses derived 
Total 
from them) and (2) the probability-density 
functions for these parameters. Heretofore, 
this has entailed the use of a "brute-force" 
method in which modulation losses are 
computed for all possible combinations of 
the modulation indices. For example, the 
computation of the tolerances on the down-
link-telemetry modulation loss in the case 
of simultaneous telemetry, command, and 
range operations requires 128 different 
combinations of modulation indices. 
The improved computational method is 
based on uplink and downlink signals that 
conform to a standard promulgated by the 
Consultative Committee for Space Data 
Systems. According to this standard, the 
uplink carrier signal is phase-modulated by 
a square-wave or sinusoidal uplink ranging 
signal and by a sinusoidal telecommand 
subcarrier that is, in turn, modulated by a 
non-return-to-zero rectangular wave. The 
downlink carrier is phase-modulated by a 
downlink ranging signal; by a square-wave 
or sinewave telemetry subcarrier that is, in 
turn, modulated by a non-return-to-zero 
Uplink Uplink Telecommand Power (PCDl 
./ Power (PT1l Uplink Ranging Power (PR1l 
Ground 
"'" 
Uplink Residual Carrier Power (PC1) 
or Other 
Commanding Downlink Telemetry Power (PTLMl 
Station 
./ Downlink Ranging Power (PR2l 
'" 
Downlink Residual Carrier Power (PC2l 
1 
J 
l 
rectangular wave; and by uplink noise that 
feeds through the ranging transponder filter. 
The specific algebraic forms of these 
Signals are used to derive expressions for 
the maximum and minimum values of the 
uplink telecommand, the downlink telem-
etry, and the uplink and downlink carrier 
and ranging modulation losses. In the uplink 
case, these are functions of the modula-
tion indices. In the downlink case, these are 
. functions of the modulation indices and 
uplink noise. These functions, along with 
the appropriate probability-<:Jensity func-
tions, are incorporated into algorithms that 
compute the means and variances of the 
uplink and downlink modulation losses. 
These algorithms complete the computa-
tions about three times as fast as do the 
algorithms of the "brute-force" method. 
This work was done by Tien M. Nguyen 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
109 on the TSP Request Card. 
NP0-18291 
~ 
V Spacecraft 
or Other 
Commanded 
Total Station 
Downlink ~ 
Power 
(PT21 ~ 
Uplink Telecommand Modulation Loss = PCD/Pn 
Uplink Ranging Modulation Loss = PR1/Pr1 
Uplink Carrier Modulation Loss = PC1/Pn 
. Downlink Telemetry Modulation Loss = PrLM/Pr2 
Downlink Ranging Modulation Loss = PR2/PT2 
Downlink Carrier Power Loss = PC2/PT2 
The Modulat ion Loss denotes the fraction of the total power allocated to (or, if you prefer, " lost to" ) a deSignated channel. For exam-
ple, the telemetry loss denotes the fraction of power allocated to the telemetry channel. 
Improved PLL for FM Demodulator 
The ripple in a phase-locked loop is reduced. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A phase-locked loop (PLL) for a frequen-
cy demodulator contains an improved fre-
34 
quency-to-voltage converter that produces 
less ripple than does a conventional phase 
detector. The improved design was orig-
inally intended to reduce the noise in the 
receiver of a frequency-modulated (FM) tel-
emetry link without sacrificing bandwidth. 
Its principle of operation is not limited to 
telemetry but is applicable to the process-
ing of received FM signals in general. 
NASA Tech Briefs, June 1992 
MonarchTIl 
GPS Spaceborne Receiver 
There is a big difference between 
adapting a standard GPS to space, 
and choosing a GPS specifically 
engineered for space performance 
and endurance from the start. 
That is why the GPS Spaceborne 
Receiver from Motorola outperforms its 
competitors. It is small, lightweigh~ highly 
reliable, low power, and rad iation and single 
event upset tolerant Engineered to meet 
severe spaceborne environmental 
conditions, including pyro-shock, vibration, 
and temperature cycling. Engineered from 
the start to perform in space. 
As an option, Motorola also offers precise 
positioning service, which includes 
selective availability and anti-spoof 
features. The Motorola GPS receiver also 
offers capabilities for continuous and 
simultaneous tracking of all satellites in 
view. Other configurations permit multiple 
antenna operations, including attitude 
control. 
You have a choice. Take a ground use 
GPS unit and go through the pains of 
qualifying it for space use - or pick up the 
phone and call Motorola. 
Engineering Quality Space Communications 
For information on the space-ready 
Motorola GPS, call 
602-732-7104 
or write P.O. Box 2606 Scottsdale, AZ 85252 
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SYNTHESIZERS ' IRIDIUM SYSTEM (SM.TM) 
MOTOROLA are trademarks of Motorola ~nc. OCopyright 1992 Motorola Inc. For More Information Circle No. 397 
A conventional PLL consists of three es-
sential elements: a phase detector or com-
parator, which compares the phase of an 
incoming signal with that of a signal gener-
ated locally by a voltage-controlled oscilla-
tor (ym); a loop filter, which smooths the 
output of the phase comparator to produce 
an error voltage; and the vm, the frequen-
cy of which is a function of the applied error 
voltage. A conventional multiplying-type 
phase detector puts out ripple at twice the 
carrier frequency, and the ripple energy is 
concentrated in the low harmonics. To 
filter this output adequately, it is necessary 
to use a low-pass filter, which limits the 
bandwidth. 
I n the improved PL L, the phase detector 
is replaced by a state estimator, imple-
mented by a ramplsample-and-hold circuit. 
(see figure) The circuit operates as follows: 
Suppose that a reset pulse has just set the 
ramp generator to zero. The circuit re-
mains static until a signal comes from the 
vm to start the ramp generator. A short 
time later, a pulse comes from the incom-
ing-signal line. This triggers a monostable 
multivibrator, which produces a short pulse 
that tells the sample-and-hold circuit to 
hold. The voltage that appears at the out-
put of the sample-and-hold circuit is thus a 
measure of the difference in time between 
the veo and incoming signals. The trailing 
edge of the output of the monostable 
multivibrator triggers a second mono-
stable multivibrator, arranged to reset the 
ramp generator. The second monostable 
multivibrator serves to delay the reset until 
the sample-and-hold circuit has acquired a 
new sample. The sequence then repeats. 
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The Ramp/Sample-and-Hold Circu it driven by the VCO and incoming signals performs the 
function of a phase detector, and needs little , if any, loop filtering. 
Because the ramp/sample-and-hold cir-
cuit is inside the PLL, the difference in time 
between the incoming and vm signals is a 
measure of the difference in phase. Thus, 
the ramp/sample-and-hold circuit acts as a 
phase detector. The requirements for filter-
ing the output of this circuit are much less 
severe than in the conventional multiply-
ing-type phase detector because there is 
little ripple energy and it is concentrated 
mostly in the high harmonics. 
As an FM demodulator, the improved 
PLL provides low-noise output with good 
frequency response. Another application is 
as a tachometer. In the usual tachometer 
system, noise is present in the output. Fil-
tering this noise - for example, to reduce 
chatter in a speed-control circuit - causes 
a lag in the response. The improved PLL 
reduces this noise to zero at a steady 
speed; therefore, no filtering is required. 
This INOrk was done by Harold Kkkham 
and Shannon P Jackson of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 113 on the TSP 
Request Card. 
In accordance with Public Law 96-517, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for its commercial use should be ad-
dressed to 
Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 3056 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 
Refer to NPO-17792, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
A Highly Digital Front End for G PS Receivers 
Advantages would include compactness, lower cost, greater accuracy, and greater reliability. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
The initial signal-processing steps in the 
"front end" of a Global-Positioning-System 
(GPS) receiver translate the signal from 
radio frequency (RF) to sample values at 
baseband. A highly digital front end can 
offer many well known advantages relative 
to analog implementations, including 
smaller size, better reliability, greater ac-
curacy and lower cost. With regard to ac-
curacy, both delay instability and absolute 
delay errors due to the front end can be 
reduced to a small fraction of a nanosec-
ond, without continuous calibration. Com-
parable performance is very difficult to 
achieve with analog designs. The adopted 
design generates baseband samples in 
quadrature with an exactness in quadra-
ture separation that surpasses that of ana-
log implementations. 
In its simplest form, the design ap-
proach presented here requires only two 
major steps to bring a Signal from RF to 
a filtered and sampled form at baseband: 
36 
commensurate sampling at RF and a sum. 
In commensurate sampling, the sample 
rate is chosen so that the aliasing action 
of the sampling operation itself down con-
verts the signal from RF to baseband. 
Thus, one operation carries out both sam-
pling and down conversion. In contrast, 
analog implementations are considerably 
more complex and unstable, requiring 
steps that mix the signal with a local oscil-
lator (LO) signal , filter to remove the sum 
note, and then sample. 
In the adopted form of commensurate 
sampling, which will be referred to as "half-
subharmonic" sampling, the sample rate 
is set equal to 4 f/(2n + 1), where n is a non-
negative integer and f is the frequency 
component to be down converted to zero 
frequency. The advantage of "half-sub-
harmonic" sampling is that a single sam-
pler at RF, driven by one "sample-clock" 
signal, directly produces both quadrature 
components at baseband with exact quad-
rature separation. More specifically stated, 
the sampling process directly produces in-
terleaved "cosine" (C) and " sine" (S) 
samples at baseband in the sequence C, 
S, -C, oS, C, s, -C, -S The indicated sign 
reversals on alternate C samples (and S 
samples) are easily removed by subse-
quent integrated-circuit (IC) logic. 
A top-level functional block diagram of 
the simplest adopted design is shown in 
the figure for the L1 and L2 components 
of the GPS signal. The output of the anten-
na is amplified, passed through a broad-
band RF filter, and then power divided in-
to L1 and L2 branches. On the L1 and L2 
branches, thEl filters are given center fre-
quencies of fu and fL2' as indicated, and 
bandwidths no greater than 450 Mhz and 
490 Mhz, respectively. (Since the overall 
noise bandwidths for the two branches are 
set by these filters, their bandwidths should 
be consistent in a Nyquist sense with the 
subsequent RF sample rates.) 
NASA Tech Briefs. June 1992 
PC Data Acquisition & Instrumentation Products Showcase 
CyberResearch System of the Month Features RTI® DAS from Analog Devices 
ing modules, RTI boards can be used for the broad-
est possible range of data acquisition applications Guarantee Valid Data 
with Signal Conditioning Modules CyberResearch 
has now made 
this top-of-the-line 
product afford-
able for every-
one. By bundling 
an RTI 815A 
together with 
LABTECH NOTE-
BOOK" software 
at one low price, 
we've saved over 
$SOO and made it 
Labtech Notebook 
Signal conditioning modules serve several purposes; 
they protect your computer, isolate your signal of 
interest from nOise, amplify lOW-level signals, and 
provide power and excitation to transducers. 
One name IS Virtually synonymous With signal con-
ditioning: Analog Devices. And CyberResearch 
is your Analog Devices distributor carrying every 
Signal conditioning line: the versatile 3B series, the 
low-cost 5B series, and the new, intelligent 6B 
series with on-board NO conversion. 
Call 800-486-8800 to receive additional information. 
possible for you to afford the very best. 
Each combination package includes: 
Package includes LABTECH NOTEBOOK 
The RTI series of data acquisition boards were de-
signed by Analog Devices with industrial users in 
mind. With the lowest failure rate in the industry, 
these are the boards to choose when reliability is 
critical Designed from the outset to be compatible 
with the full line of Analog Devices' signal conditlon-
• RTI 815A data acquisition board configured for 
32 Single-Ended or 16 Differential analog input 
channels with a SOKHz A/D conversion rate, 
2 analog output (D/A) channels, 16 Digital I/O 
lines, and 3 Counter[Timer I/O channels. 
• LABTECH NOTEBOOK menu-driven software 
with new Icon View diagramming user interface 
and drivers for controlling the RTI 81SA board . 
Order I RTI 815lN RTI DAS Combination Package.$1995 
For More Information Circle No. 367 For More Information Circle No. 368 
ASYST 4.0 Software from Keithley I ASYST 
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More powerful than ever, ASYST 4.0 
software is a scientific & engineering 
envirionment combining data acqui-
sition , analysis , and graphics in a 
single, integrated package. 
Designed by engineers, ASYST software 
combines the user-friendliness of menu-
driven setup routines with the unnlimited 
potential of a programming language. 
Version 4.0 includes support for counter/ 
timer acquisition, FIR filters , and many 
other powerful functions. ASYST is available in three ways: a graphics & 
analysis module with RS-232 support on its own, or combined with ND & 
D/A and/or GPIB support. You only pay for the capabilities you need 
I INST 243 ASYST Base Module: RS-232, Graphics & Analysis ....................... $2145 
I INST 240 ASYST Base Module + Data Acquisition (AID & D/A) Module ........ $2645 
I INST 242 ASYST Base + Data Acquisition (AID & DIAl & GPIB Modules ...... $2945 
For More Information Circle No. 363 
New High-Resolution Event Timing Controller 
". . . . . 
1,. • .' ,'1' . 
The latest Innovation from 
Guide Technology is the 
GT 401 Real-Time Event 
Controller . Now you can 
easily control and monitor 
external events. An on-
board Intel 80S1 controller 
handles real-time process-
- - . . - ..
-- J . ~ 
111111/11 
Ing. relieving your PC of the 
burden of timing tasks. The GT 401 is a preCision tool , with 1 microsecond 
timing resolution, SO,ooo times the resolution of the DOS clock in your PC. 
o 4 channels for use as pulse outputs or time-tagging inputs; 400 ns. resol. 
• Three 10MHz counter/limers can be synchronized to the real-time clock . 
• Various time formats Implemented in hardware. 
o Entirely software-controlled , using software included free With each board 
I GT 401 Precision Event Timing Controller with Software .. .. .. .............. .. .... .... .. $995 
I GT 1 DO Low-Cost 1 OOMHz Universal Counter (Call for more information) ...... $995 
For More Information Circle No. 362 
Berry Fast: 200 KHz Data Acquisition for just $095 
The new WorkMate data acqui-
Sition board from Strawberry 
Tree combines ease-of-use 
with blinding speed. Entirely 
software configured and con-
trolled, the new WMPC 200 
makes data acquISition on a 
PC simple, without sacrificing 
performance. Each WorkMate 
board comes with a free copy 
of OuickLogPC, an icon-driven data acquisition program 
For the ultimate in easy-to-use ND software, WorkBenchPC combines an 
icon-driven Interface with powerful acquisition & analysis capabilities 
I WMPC 200 WorkMate 200KHz, 12-Bit Data Acquisition Board ..................... $895 
#FlPC 1000 16-Channel, 1MHz, 12-Bit Data AcqUisition Board .. .................. $1995 
I FlPC 400 Flash 1 MHz on one channel/400KHz multi-channel AID Bd . .... $1295 
I STS 050 WorkBenchPC Software ............... . ........ ........ .. .. .... ...... .... ......... $995 
For More Information Circle No. 361 
Directly Interface to Any Type of Transducer 
When you need to measure several types 
of inputs, but your budget won 't support the 
high cost of Signal conditioning modules, there 
is only one solution: The UPC Direct Sensor 
Input Cards from Validyne Engineering. 
• Directly connects to Thermocouples, Strain 
Gauges, RTD's, LVDT's, RVDT's , Voltage 
Sources, and Resistance Devices. 
• 16 ND Inputs with 14-Bit Resolution. 
• Acquisition at 20,000 samples/second . 
• Perfect for Portable PC DAS Systems 
• Complete with Easy Sense Menu-Driven 
Software, Software Drivers in BASIC & C, and 
a specially-designed Screw Terminal Panel. 
f UPC 601 20 KHz Direct Sensor Input Card w/Software & Term. Panel ...... .. ....... $1795 
#UPC 608 20KHz Direct Sensor Acquisition Card with 2 DIA's & 16 DIO's ......... $2395 
For More Information Circle No. 360 
TOLL-FREE (800) 486· 8800 
For More Information Circle No. 366 
Convert Any 
High-Res Video 
to TV Formatsl 
Monitor 
MTse 
(PAL) 
We Can Convert Anyone 
With over 20 years experience, 
Folsom Research has built a 
worldwide reputation for superior 
products and leading-edge 
technology. Our products are 
currently used by most 
Fortune 500 companies. 
Several models are available. 
Product featu res include 
• Video frame grab. 
• Digital frame buffer access. 
• Support for multiple 
workstations. 
• On-board V-J:.A.WM for 
controlling single-frame 
recorders, videodisks, and 
editing systems. 
• Medical, video, and radar 
products available. 
Call Us to Find Out Which 
Product Will Convert Youl 
Folsom 
IESEIRel 
526 East Bidwell Street 
Folsom, C4 95630 
tel: 916.983.1500 
fax: 916.983.7236 
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In the Digital Front End of a GPS Receiver, half-subharmonic sampling of the incoming 
radio-frequency signal followed by a summing operation produces the desired base-
band output in filtered and sampled form. 
The two signals are then each n-bit 
sampled at RF at a " half-subharmonic" 
rate that has been selected on the basis 
of the relationship of carrier frequency to 
the P-code rate. Figure 1 presents for. L1 
and L2 the relationship of offset carrier fre-
quency to the offset P-code rate defined 
by f' = 10.23 MHz - ~fI where ~f is a 
smaIT offset to be introduced by the fre-
quency subsystem. (A prime on a variable 
will denote an offset relative to nominaL) 
When the RF sample rate is 417 times the 
offset carrier frequency for L1 and 4/5 for 
L2, each RF sample rate becomes an ad-
vantageous integer multiple of the offset 
P-code rate, namely, 88f' p for L1 and 96f' p 
for L2. Note that both of these integer 
multipliers are multiples of four - a fact 
that is critical to the following scheme. 
After sampling, the output of each 
sampler is demultiplexed into C and S 
streams and a sign correction applied to 
alternate samples. At this point, the sam-
ple rate for each quadrature component 
is 44f'p for L1 and 48f' for L2 (about 450 
Msamplesls and 491 Msamples/s, respec-
tively, depending on the value of ~fF . By 
design, these two rates are about the 
same magnitude and are relatively large 
integer multiples of 2f9. To reach the out-put rate of 2f'p (about ~M.4S MHz) for both 
L1 and L2, a digital filter can be applied 
to each stream, with a rate-reduction fac-
tor of 22 for L1 and 24 for L2. In the 
simplest implementation, the digital filter 
becomes a sum-and-dump operation, with 
a sum length of 22 points for L1 and 24 
for L2. A slight improvement (about 20 per-
cent) in delay precision can be obtained, 
at the cost of greater complexity, if the 
digital filter is given an approximately rec-
tangular bandshape and a single-sided 
bandwidth of about 10 MHz. 
This design simplifies the receiver in 
three ways. First, for each branch, a single 
sampling operation replaces several ana-
log components that would have been 
separately required for down converting 
each quadrature component. Second, the 
frequency subsystem is very simple. Each 
of the two RF sample rates can be gen-
erated as a simple integer multiple of the 
output of a single reference synthesizer 
that produces the frequency, 2f'p. Offset-
ting the rate of this synthesizer from 20.46 
MHz automatically provides an advan-
tageous offset in both the final baseband 
output rate and the baseband carrier rate 
(for both L1 and L2). Third, digital-filter de-
sign is greatly simplified inasmuch as the 
rate-reduction factor to be introduced by 
the digital filter can be set equal to an ex-
act integer for both L1 and L2 (Le., 22 and 
24, respectively). 
As suggested above, the RF sample 
rate is not made exactly commensurate 
NASA Tech Briefs, June 1992 

with the nominal carrier frequency, but 
with a frequency that is slightly offset from 
the carrier frequency (e.g. by 10 to 300 kHz 
at RF). The offset is made large enough 
to place the observed carrier frequency 
at baseband at a positive value for all ex-
pected Doppler shifts. This same offset 
also shifts the final baseband rate away 
from 20.46 MHz, thereby insuring its ef-
fective incommensurability with P-chip rate 
of 10.23 MHz. Avoidance of zero baseband 
carrier frequencies is advisable if the down-
conversion sinusoid in the baseband proc-
essor is quantized to only a few levels (e.g. 
three levels) or if the option of nonquad-
rature baseband operation is a design 
goal. Effective incommensurability with the 
P-chip rate is advisable in high-accuracy 
delay measurements if the effects of 
discrete sampling are to be minimized 
(particularly when the Doppler rate is zero). 
This work was done by J. Brooks 
Thomas of Caltech for NASA's Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 6 on the TSP Request Gard. 
In accordance with Public Law 96-517, 
the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be ad-
dressed to: 
Edward Ansell 
Director of Patents and Ucensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East Galifornia Boulevard 
Pasadena, CA 91125 
Refer to NPO-17BOB, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
More About Architecture for Intelligent Robotic Control 
Boolean neural network would be an intermediate level of a hierarchical control system. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Boolean neural networks have been pro-
posed to implement part of an intermediate 
level (the rule level) of a hierarchical ar-
chitecture of a control system for the artifi-
cially intelligent control of a robot hand. 
A very-large-scale integrated-circuit proto-
type of such a network has been built and 
is undergoing laboratory tests, all as part 
of a continuing effort to delineate further 
the hierarchical-control concept and de-
sign effective hierarchical control circuits. 
The underlying hierarchical-control con-
cept is described in "Architecture for In-
telligent Control of Robotic Tasks" (NPO-
17871), NASA Tech Briefs Vol. 15, No.8, 
(1991) page 28. Recapitulating from that 
article, each level of the hierarchy can be 
described as performing a different kind 
of control computation that corresponds to 
a different kind of mental process analo-
gous to the mental processes of a person 
engaging in a grasping task. The lowest 
level would interact directly with sensors 
and actuators, the middle level (the rule 
level that is the focus of attention in this 
article) would command responses to pat-
terns that it would recognize in feedback 
signals, and the highest level would be 
dedicated to planning and the recognition 
of sequences of patterns. In ascending the 
hierarchy, one would encounter increas-
ingly symbolic types of logic. 
The hierarchical architecture (see Fig-
ure 1) requires several additions to the 
standard architectures of previous planner 
and actuator controllers. First, one has to 
generate the set of conditions that con-
stitute the qualitative component of the 
specification of the evolution of a task. 
Figure 2. The Prototype Boolean Neural Net-
work is a very-large-scale integrated circuit. It 
includes a 4-by-8-node AND plane, an 8-by-8-
node OR plane, and an 8-node control column 
between those two planes. The circuit chip 
measures 7.9 by 9.2 mm and is mounted in a 
64-pin package. 
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Figure 1. The Rule 
Level of the Hierar-
chical Control Ar-
chitecture would be 
implemented in two 
Boolean neural net-
works that would op-
erate and be updated 
in alternation. A pro-
totype Boolean net-
work has been built. 
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Second, one has to store a set of alter-
nate trajectories. Within the rule level of 
the hierarchy, range selectors would trans-
form the analog outputs of the sensors into 
Boolean variables (logic-level signals). Two 
Boolean neural networks would process 
the Boolean variables according to mem-
orized " if ... then" rules supplied by the 
planner (which would reside in the highest 
level of the hierarchy). This concept relies 
on two basic assumptions: that a small set 
of actuator trajectories can cover most 
grasping tasks and that the evolution of 
a grasping task can be represented by logi-
cal conditions. 
The Boolean networks would be oper-
ated in altemation under control of an adap' 
tation-and-rule controller, which would also 
supervise the loading of a new plan and 
its rules. While one Boolean network was 
operating, the other one would be receiv-
ing the updated plan. Once updating was 
completed, the newly updated network 
would be switched into operation and the 
other switched out of operation to be up' 
dated in turn. In this way, updating could 
proceed without interfering with the cor-
rect processing of feedback signals. 
The prototype Boolean neural network 
(see Figure 2) is an adaptive, self-organ-
izing logic network in that it takes an ac-
tive part in reconfiguring its own logic 
gates. In so doing , it strives to optimize its 
configuration andlor performance with re-
spect to such criteria as minimality and 
consistency of the rule base. During proc-
essing, the network acts as a program-
mable logic array. During adaptation, as 
new rules are added, the network auto-
matically reconfigures itself into a logic cir-
cuit that seeks to maintain a minimum and 
consistent rule base. 
There is no explicit programming of the 
network, and the internal configuration of 
the network is not unique but , rather, de-
pends on the initial state and on the history 
of the previous adaptations. The network 
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accepts new rules that are sequentially 
presented to it by an external controller. 
This process allows each node in the net-
work to determine its relation with the new 
rule and determine whether it should be 
involved in the adaptation process. The 
adaptation may involve addition or dele-
tion of nodes or compaction of subnet-
works. A central controller is used for coor-
dination, but the adaptive process itself is 
completely distributed in the network, and 
modifications to the network are performed 
with considerable concurrency. 
This work was done by Paolo Fiorini and 
Jeffrey Chang of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor-
mation, Circle 2 on the TSP Request Card. 
NPO-17926 
Microcontrollers Generate Timing Signals for CCO Arrays 
Timing patterns can be altered via software. 
Goddard Space Flight Center, Greenbelt, Maryland 
Microcontrollers are used to generate 
timing signals for charge-coupled-device 
array detectors in an electronic system 
being developed to test such detectors. 
Previously, it was necessary to hard-wire 
a logic circuit dedicated to generation of 
the timing signals for each detector to be 
evaluated. To effect changes in timing sig-
nals, it was necessary to rewire the logic 
circuit - a time-consuming and difficult 
task. With a microcontroller, one can 
change timing signals via software, with-
out changes in wiring. Because the soft-
ware-based approach is more flexible, tim-
ing signals can be changed more easily 
and quickly. 
NASA Tech Briefs. June 1992 
The microcontrollers are commercial 
Am29CPL154 field-programmable control-
lers (FPC's). They are incorporated in a 
general-purpose FPC circuit board, which 
is the basis for the system (see Figure 1). 
Each microcontroller simultaneously puts 
out a bit pattern and executes an instruc-
tion from a set of instructions. Some of the 
possible instructions are waiting, branch-
ing, looping, and subroutine calls and re-
turns. After a routine is written for each 
of the basic operations required by the 
detector, the operations can be executed 
the correct number of times and in the cor-
rect order to read data out of the detector. 
Each microcontroller can drive up to 16 
General -Purpose Analog Clock· 
FPC Circuit Board -. Driver Module (32 Channels) 
- + 
Sources of Charge-Coupled-Device Fixed Bias ~ 
Voltage Array Detector 
Figure 1. This Microcontroller Detector 
Driving System relies on microcontrollers 
mounted on the general-purpose FPC 
circuit board to generate timing signals 
for operation of a charge-coupled-device 
array detector. 
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clock signals and can execute programs 
as long as 512 lines. 
Programs for the microcontrollers are 
developed on a personal computer by use 
of assembler and simulation software (see 
Figure 2). First, a source file is written in 
a high-level programming language with 
the help of a word-processor program. The 
source file is then processed via the as· 
sembler software into a Joint Electron De-
vice Engineering Council (JEDEC) fuse 
map. The fuse map is processed via the 
simulation software to determine whether 
the program runs properly before burning 
the program into the microcontroller. If 
necessary, the source file is modified, then 
processed through to simulation as before. 
Once the results of the simulation are 
satisfactory, the microcontroller can be 
programmed. 
The fuse map provides all of the neces-
sary information for a device programmer 
to burn the desired program into a micro-
controller. Each microcontroller thus pro-
grammed is installed in the general-pur-
pose FPC board. 
Prototype general-purpose FPC boards 
are being used to operate detectors of 
2,048 x 2,048 picture elements. Each 
board contains four microcontrollers op-
erating in tandem, enabling it to drive as 
Personal Computer 
r .J~~~~JJJ~~~. -
Figure 2. The Pro-
9 ram for Each 
Mlcrocontroller is 
implemented by a 
JEDEC fuse map 
that is developed via 
software. 
'I ~~ File 
I "o~ " • .., ~ I 
L-- _____ ~~ ___ .J 
many as 64 clock signals and to execute 
programs up to 512 lines long. The ex-
pandable design allows for the addition of 
three more groups of four microcontrollers, 
each additional group also operating in 
tandem. When the first group reaches its 
memory limit, it passes control to the sec-
ond group; likewise, when the second 
group reaches its limit, it passes control 
to the third group, and so on. When this 
scheme is fully realized, the memory 
capacity of each general-purpose FPC 
board will be 2,048 lines. 
This work was done by Marilyn K. 
Hostetter, John C. McCloskey, and Kenneth 
V. Reed of Goddard Space Flight Cen-
ter. For further information, Circle 8 on the 
TSP Request card. 
GSC-13428 
System Collects and Displays Oemultiplexed Data 
The system accommodates a nonstandard data-transmission protocol. 
Lyndon B. Johnson Space Center, Houston, Texas 
An electronic system collects, manipu-
lates, and displays in real time the results 
of the manipulation of multiple streams of 
data that have been transmitted from re-
mote scientific instrumentation. The sys-
tem includes an interface circuit, a Macin-
tosh Ilx computer, and special software for 
control of the collection, display, and 
storage of the data. The system was de-
signed for use in the reception and real-
time preliminary inspection of multiple 
streams of data from the Microgravity Ves-
tibular Investigations experiment aboard 
the Space lab. Much of the special soft-
ware should be useful in other applications 
in which Macintosh computers are to be 
used in the real-time display and recording 
of data. 
The streams of data from the various 
instruments are multiplexed along with 
clock signals for transmission, then demul-
tiplexed after reception. The input data-and-
clock signal for the present system is the 
output of the demultiplexer. This is a non-
standard signal characterized by differen-
tial ±1.5-V levels, synchronous non-return-
to-zero data and clock components, serial 
transmission with the most-significant bit 
transmitted first, and a rate of 25.6 kBd. 
The data are transmitted in major and 
minor frames at a rate of 1 major frame 
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per second, each major frame containing 
16 minor frames. Each minor frame begins 
with a 24-bit synchronization pattern and 
contains 100 words (200 bytes) of data. 
There are no start, stop, or parity bits. 
Typically, data are collected continuous-
ly during as much as 2 hours at a time. 
Because there are no "clear-to-send" or 
"data-terminal-ready" signals and no 
status bits, and because it is not possible 
to retransmit data when bit losses are de-
tected, it is critical to maintain synchroniza-
tion during those hours. All manipulations 
of the data, including reversal of bits and 
bytes, stripping of data for display, plotting 
Dala and Clock 
SlgnalOul 
To Disk Siorage 
Display 
Figure 1. The Inter-
face Circuit shifts the 
data-and-clocksignal 
from the differential 
logic levels of the 
multiplexer to the 
single-ended logic 
levels ofthe computer. 
In addition, it ampli-
fies the signal to pro-
vide adequate margin 
for stability and un-
ambiguous detection 
of logic states. 
on display, scrolling, and writing to disk, 
must give the "data-receiving" interrupt 
the highest priority and be fast enough for 
all manipulations to occur while maintain-
ing real-time scrolling. 
The data-and-clock signal is fed through 
the interface circuit into one of the serial 
ports (port A) of the Macintosh IIx com-
puter (see Figure 1). The interface circuit 
is needed to accommodate the single-
ended-logic-level design of the computer 
to the differential-logic-level design of the 
demultiplexer. Several modifications of the 
Macintosh serial-driver software and of 
software packages that interact with the 
NASA Tech Briefs, June 1992 
serial driver were made to accommodate 
the nonstandard data-and-clock format. 
The skeleton of the custom-designed 
serial-interrupt driver consists of a circular 
buffer with an in-pointer for data coming 
from port A and an out-pointer for data 
blocks being written to disk. As data are 
received, an inline bit/byte reversal is per-
formed via a lookup table. The data are 
written to disk in blocks, each of which 
consists of 1 major frame (3,200 bytes). 
Error-detecting and -correcting features in-
clude a synchronization check at the start 
of every minor frame and a reset routine 
for use in the event that synchronization 
is lost. The reset routine loses only 2 minor 
frames (125 ms or 400 bytes of data). 
The application software, written in 
Forth, operates with the top priority being 
to receive the data and write them to disk. 
During inactive states, the current display 
(stripchart or alphanumeric) is updated. A 
pulldown menu at the top of the screen 
provides options of stopping or starting the 
collection of data, activating the alphanu-
meric display, and quitting the application 
program. Quitting the application program 
stops the collection of data and returns 
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control to the user. Stopping collection of 
data closes the data file, resets the serial-
communications-controller integrated-ci r-
cuit chip in the computer (sec chip) for 
standard communications, and restores 
the original serial-interrupt driver of the 
computer. Starting the collection of data 
opens a data file, sets the sec chip for 
the nonstandard data/clock format, re-
places the original serial driver with the 
custom driver, and gives a choice of chan-
Figure 2. The Scroll-
ing Strip Chart dis-
plays data from as 
many as six chan-
nels in approximately 
real time. the display 
also includes a menu 
of buttons for control 
of the display . 
nels for the strip-chart display. The default 
display is the scrolling strip chart that plots 
data from as many as six channels at one 
time (see Figure 2). 
This work was done by Millard F. 
Reschke of Johnson Space Center and 
Julie L. Fariss, Walter B. Kulecz, and 
William H. Paloski of KRUG Life Sciences. 
For further information, Circle 104 on the 
TSP Request Card. 
MSC-21847 
Modified Synthetic-Oiscriminant-Function Optical Filter 
This filter can be used in an optical correlator to recognize rotated images. 
Ames Research Center, Moffett Field, California 
Experiments have demonstrated the feasi-
bility of a synthetic-discriminant-function 
filter encoded in a binary spatial light mod-
ulator. This filter is part of an optoelectronic 
apparatus that indicates the degree of cor-
relation between (1) an input image of a 
given object and (2) any of a number of 
training images of the same object at vari-
ous positions and orientations that may 
differ from those represented in the input 
image. An apparatus of this type might be 
used, for example, in a tracking system to 
recognize a moving vehicle or other sub-
stantially rigid object from any direction. 
The synthetic discriminant function (SDF) 
contains the training-image information. If 
an updateable spatial light modulator were 
able to encode arbitrary complex values, 
then the design of the SDF could be cal-
culated analytically. The binary modulation 
characteristics of current spatial light mod-
ulators require the design of a different 
filter function called a " filter SDF" (fSDF) 
that can be implemented optically and that 
can yield the desired result of equal cor-
relation peaks for each of the training im-
ages. The problem for this design is that 
it cannot be solved analytically. 
The solution involves choosing the SDF 
to be a linear combination of the training 
images. The modulation function of the spa-
tiallight modulator is incorporated into the 
equations for the correlation response to 
each training image. The resulting set of 
NASA Tech Briefs. June 1992 
nonlinear equations is solved iteratively by 
a modified Newton-Raphson procedure to 
obtain the coefficients of the linear com-
bination, which coefficients are then used 
to construct the SDF. 
In the experiments, the iterative construc-
tion of the filter was performed directly on 
an optical correlator under automatic con-
trol by a digital computer. The optical cor-
relator (see figure) included two 128 X128-
pixel magnetO<Jptical spatial light modulators 
(MOSLM's): one at the input plane and one 
at the filter plane. Binary phase-only opera-
tion was obtained by placing an analyzer 
(not shown in the figure) downstream of 
the filter MOSLM. polarized perpendicular 
to the polarization defined by another po-
larizer (also not shown) associated with the 
input MOSLM. The configuration of the cor-
relator and the focal length of the lenses 
were chosen to simplify alignment. 
Training images of the Space Shuttle 
orbiter were made with the orbiter in an 
initial orientation (view from top) and other 
orientations rotated through 5° inteNals 
both in and out of the plane of the image. 
The correlator performed well , producing 
approximately equal correlation peaks over 
in-plane-rotation ranges up to 75° and out-
of-plane-rotation ranges up to 60°. 
This work was done by Max B. Reid, 
Paul W Ma. John 0. Downie, and Ellen 
Ochoa of Ames Research Center. For 
further information, Circle 161 on the TSP 
Request Card. 
ARC·12842 
Input Magneto·Optical 
Spatial Light Modulator 
Filter Magneto·Optical 
Spatial Light Modulator 
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Lenses 1 and 2: Lens 3: Correlation 
Fourier· Corrects Phase and Plane 
Transform Pair Performs Inverse 
Fourier Transform 
A Three·Lens Optical Correlator was used to test the fSDF technique. 
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A Gold Mine Of Ideas 
Thi December, the nation's top technology manager will gather in 
Baltimore, MD to explore a gold mine of innovative idea they can 
use to solve engineering problems, create new products, and help 
their busine se grow. 
The event is Technology 2002, and you are invited. 
Sponsored by ASA and NASA Tech Briefs magazine, Technology 
2002 is more than a conference ... more than a trade show .. . it is a vital 
re ource that will put you in direct contact with the premier technol-
ogy developers and tech transfer expert in federal laboratories and 
indu try. 
Technology 2002 will show you how to tap into the government' 
$70 billion technology torehouse and tum taxpayer-supported inno-
vations into profitable product. And it will alert you to a wealth of 
patent licensing and cooperative R&D opportunities in areas defined 
by the White Hou e as critical to the nation 's future. 
You can attend dozen of meeting thi year and spend countless 
hour searching for new ideas to improve your business ... or you can 
invest three days at Technology 2002 and discover- in one place, 
at one time - the best technology America has to offer. 
Technology 2002 will feature: 
.A. Over 100 presentations potlighting important new inventions in 
Materials, Manufacturing, Information and Communication, 
Biotechnology and Life Science , and Energy and Environment 
- areas defined as ational Critical Technologies; 
.A. Information-packed sessions on university-based and interna-
tional technologie U.S. indu tries can u e to bol ter their 
competitiveness and productivity; 
.A. A pecial workshop on how to do business with federal agencies 
and laboratories, covering patent licensing, cooperative R&D 
agreements, and Small Business Innovation Research grants; 
.A. 60,000 square feet of exhibits by gOVI. agencies. their prime 
contractors, and other high-tech companies, universities, and 
state organizations with cutting-edge innovation available for 
licen e or ale; 
.A. The third annual Technology Transfer Award Dinner, offering 
an unparalleled opportunity to network with government leaders 
and industry executives in an elegant setting-the Hyatt 
Regency's Grand Ballroom. orman Augustine, CEO of Martin 
Marietta Corp., will be the dinner speaker. 
Technology 2002 Program 
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Mail your completed preregistration form with check or money 
order (if appl icable) payable to the Technology Utilization 
Foundation, or fax it with credit card data to (212) 986-7864. To 
register by phone, call (800) 944- ASA. Government organiza-
tions may regisler using a purchase order. Deadline for preregi '-
Iration is ovember 20. 
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A Complete registration-includes symposia, workshops, and 
exhibits for all three show days: tickets to the opening 
reception on Monday evening, Nov. 30 and to the Awards 
Dinner on Wednesday, Dec. 2; and a et of the official 
Technology 2002 proceedings: 
A Three-Day Symposia/Exhibit --covers ymposia, workshops, 
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A One-Day Symposia/Exhibits: 
A Exhibits Only. 
Early-Bird Bonus: The fi rst 100 paid registrants wi II recei ve a 
complimentary Technology 2002 T-shirt. 
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~~ Automated eigh~emperature Hall-Effect Apparatus 
A specimen can be tested about three times as fast as before. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
An automated apparatus takes Hail-ef-
fect measurements of specimens of ther-
moelectric materials at temperatures from 
ambient to 1,200 K. Each specimen is test-
ed under computer control to obtain bet-
ter resolution of data and more data points 
in less time. The measurements are per-
formed in a sequence in which the com-
puter determines whether the measure-
ments at each step satisfy prescribed 
criteria before proceeding to the next step. 
The time required by the automated ap-
paratus to complete a high-temperature 
test of a representative specimen is 3 V2 
days, compared with 11 days for a similar 
test on a prior semiautomated apparatus. 
Each specimen is mounted on an 
alumina fixture with chisel-point contacts 
in a Van der Pauw (four-probe) configura-
tion . To obtain a complete set of data that 
characterize the electrical resistivities of 
the specimen, it is necessary to take elec-
trical-resistance measurements in eight 
electrical orientations. Another four elec-
trical-resistance-measuring orientations 
are required for the Hall-resistance meas-
urements. At each of these four Hall-re-
sistance-measuring electrical orientations, 
two resistance measurements are per-
formed, one at each of two opposite orien-
tations of an applied magnetic field (see 
Figure 1). 
The computer both acquires the data 
and controls the apparatus. Control is ex-
erted via three feedback loops: one for 
temperature, one for the magnetic field, 
and one for electrical-potential data (see 
Figure 2). The temperature is set by volt-
age commands sent from the computer 
via an IEEE-488 data bus to the dc power 
supply of a furnace that heats the spec-
imen to the desired temperature. The com-
puter monitors the temperature of the 
specimen by polling a digital voltmeter that 
reads the output of a thermocouple. After 
12 consecutive temperature readings are 
found to be equal, the temperature is con-
sidered to be stabilized, and the measure-
ments are begun. 
The switching of voltages, currents, and 
measurements thereof for the sequence 
of 12 electrical orientations and 2 mag-
netic-field orientations is accomplished via 
a transistor/transistor-logic sequence 
panel, which sets relays. The steps of the 
sequence are controlled by the computer, 
using the modem lines from an RS232-C 
interface. The magnetic field is applied and 
regulated automatically via a field-control 
panel that includes mercury contactors 
and a motor-driven potentiometer linked to 
an external resistance-programmed dc 
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Figure 1. Four-Probe 
Electr i c al-Res i s-
t ance Measure-
ments are taken in 
12 electrical and 2 
magnetic orientations 
to characterize a 
specimen at each 
temperature. 
HALL MEASUREMENTS (ONE WITH MAGNETIC FIELD INTO PAGE. 
Figure 2. The Com-
puter Controls the 
apparatus and ac-
quires and processes 
measurement data. 
ONE WITH MAGNETIC FIELD OUT OF PAGE FOR EACH CASE SHOWN) 
Notes: 
1. I denotes injected current. 2. V denotes measured voltage. 
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power supply. The 4.5-kW output of this 
supply produces a stable field of 1 T in a 
12-in. (30.5-cm) electromagnet. Magnetic 
feedback to the computer is provided by 
an IEEE-488 gaussmeter. 
Resistivity measurements are taken first 
because consistent resistivity readings in-
dicate a likelihood of success with the 
more lengthy Hall measurements. For 
each of the eight resistance measure-
ments, the computer polls a nanovoltmeter 
for stable readings of electrical potential 
and the digital voltmeter for applied cur-
rent and voltage. The four resistivities are 
then evaluated by use of an equation ap-
plicable to the Van der Pauw configuration. 
The Hall constant is determined from 
stable readings of magnetic field, current, 
and change in electrical potential between 
-
HeatM 
Com"",,,,, 
Temperalure 
Dala 
applications of forward and reverse mag-
netic fields. For each orientation of the 
magnetic field, the change in potential is 
found by subtracting the mean value of 
potential with the field off from the mean 
stable potential with the field on. 
Raw and calculated data are printed out 
while the test is in progress. Upon com-
pletion of testing at a specified temper-
ature, data on resistivities, Hall parame-
ters, and the temperature are recorded on 
magnetic tape. The files can then be read, 
scaled, and plotted by a graphics program. 
This 'NOrk was done by James B. Parker 
and Leslie D. Zoltan of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 164 on the TSP Request 
Card. 
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Gain, Level, and Exposure Control for a Television Camera 
A fast gain response and a slower iris response prevent overloading. 
Lyndon B. Johnson Space Center, Houston, Texas 
An automatic-Ievel-controllautomatic-
gain-control (ALe/AGC) system for a 
charge-coupled-device (CCO) color televi-
sion camera (see figure) prevents over-
loading in bright scenes. The system im-
plements an improved technique for 
measuring the brightness of the scene 
from the red, green, and blue output sig-
nals of the camera and processes these 
signals into adjustments of the gains of the 
video amplifiers and into control signals 
for a motor that varies the opening of the 
iris on the camera lens. The advantages 
of this system over prior systems are that 
it is faster, does not distort the video bright-
ness signals, and is built with smaller 
components. 
In this system, the output voltages of 
the camera are measured during each 
television-field period, and the video gains 
are adjusted accordingly only during the 
vertical blanking interval. Thus, the gains 
of the amplifiers are corrected quickly 
(every 1/60 second), but not during an im-
age scan. The AGe voltage is monitored 
by a second stage, and when it wanders 
outside a range defined by two preset ref-
erence limits that represent underexposure 
or overexposure, respectively, the opening 
of the iris is incremented or decremented 
appropriately. This correction is slower 
than the AGe adjustment is but provides 
a very wide dynamic range for allowable 
brightness of the scene. 
Video information is clamped in the red, 
green, and blue channels to establish a 
dc reference for the video black level and 
to compensate for variations in the dark 
current of the CCO imager. The dc-restored 
waveforms are mixed nonadditively, and 
the signal of highest amplitude is com-
pared to a predetermined reference. The 
output of the comparator is then peak- or 
area-detected, depending upon the mode 
selected by remote or manual command. 
The area-detector/peak-detector circuit, 
which is part of the control loop, puts out 
an AGe voltage that keeps a command-
ed fraction of the picture raster at a pre-
determined signal level. 
The control loop includes two integra-
tors: one provides area detection; the other 
integrates the area error. The area-detec-
tion integrator is reset just prior to the be-
ginning of each field, during the vertical 
blanking interval. The intermediate output 
of this circuit is a voltage proportional to 
the total area of the parts of the image in 
which the brightness Signal is above the 
reference level. The intermediate output 
of this circuit is of fset so that if the area 
in which the signal is above the threshold 
level equals a selected fraction (1 percent 
or 5 percent) of the total area of the im-
age, the final output of this circuit is zero. 
The output of the area detector is sampled 
during vertical blanking at the end of each 
field and fed to the area-error integrator, 
the final output of which is used as the 
AGe voltage. Because the AGe voltage 
can change only during vertical blanking, 
time constants much smaller than those 
used in prior systems (and, consequently, 
smaller capacitors) can be used without 
causing distortion of the video signal. A 
diode clamp limits the output of the area 
detector, providing similar response times 
for both bright and dim signals. 
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The ALC/AGC System provides feedback control of the video gains and iris opening. Operation is in any of three selectable 
modes: 1·percent setting of the area detector, 5-percent setting of the area detector, or peak detection. 
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The AGe voltage is also used as the 
input to the window comparators, which 
generate the iris-opening and iris-closing 
commands. These commands are multi-
plexed with manual and remote com-
mands to provide opening and closing 
logic signals to the stepping-motor-driving 
circuit. 
Peak detection is achieved by trigger-
ing a monostable multivibrator (not shown 
in the figure) in the area detector from the 
trailing edge of output of the comparator 
that immediately precedes the area detec-
tor. This stretches the pulse response to 
an effective area greater than that set by 
the equilibrium condition of the area detec-
tor. In manual mode, sampling of the out-
put of the area detector is diSabled, and 
the input to the area-error integrator is pro-
vided, instead, by a reference amplifier in 
such a way as to maintain the output of 
the area-error integrator at one of three 
manually selected levels that correspond 
to AGe amplifier gains of 0 dB, +12 dB, 
and +24 dB. 
This work was done by Geoffrey J. 
Major and Rolfe W Hetherington of 
General Electric Co. for Johnson Space 
Center. For further information, Circle 49 
on the TSP Request Card. MSC-21767 
Airplane-Runway-Performance Monitoring System 
A head-up display projects runway information in the pilot's window without obstructing the view. 
Langley Research Center, Hampton, Virginia 
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Present takeoff/abort procedures rely 
heavily on pilots ' perceptions and judg-
ments. Such judgments are based primari-
lyon intuition and general flying experi-
ence because pilots rarely experience 
aborted takeoffs. Standard takeoffs on ade-
quately long runways generally present no 
problem. Visual perception of motion com-
bined with cues from cockpit instrumen-
tation that indicate airspeed and "engine 
health" help a pilot relate sensed accelera-
tion to the remaining takeoff distance. "Go/ 
no-go" decisions become more critical as 
the airplane nears takeoff speed. The pilot 
must continually decide if there is enough 
runway distance ahead to (1) safely com-
plete the takeoff (with one engine failed) 
or (2) stop the airplane before it runs off 
the end of the pavement. 
The purpose of the Airplane-Runway-
Performance Monitoring System (ARPMS) 
is to increase safety during takeoffs and 
landings by providing pilots with symbolic 
"head-up" and "head-down" information 
pertinent to their decisions to continue or 
abort takeoffs or landings. When a takeoff 
is aborted or a landing is approached, 
ARPMS provides graphic information con-
cerning where the airplane could be 
brought to a stop. With the ARPMS, the 
pilot could monitor the ground speed and 
predicted stopping point while looking at 
the actual runway ahead. When fully de-
veloped, the combined head-down/head-
up cockpit display system would be driven 
by a common algorithm. 
In essence, the ARPMS is an extension 
of the Take-Off Performance Monitoring Sys-
tem (TOPMS), providing some additional 
information. The "failed-engine" flags have 
been replaced in both the head-up and 
head-down displays by variable-length lin-
ear bars that indicate the magnitude of the 
engine-pressure ratio (for each engine). 
When an EPR value becomes unaccept-
able, the associated EPR bar shrinks in 
length, turns red, and triggers an "abort-ad-
visory" flag that resembles a STOP sign 
(see figure). Significant deviation (greater 
than 5 percent) from nominal along-track 
acceleration is indicated by the white ar-
row that extends from the end of the run-
way graphic back toward the EPR bars. 
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Also, if no engine failure had occurred, but 
the acceleration-error arrow had extend-
ed back beyond the "acceptable limit" 
tick-mark between the EPR bars, the abort-
advisory flag would similarly have been 
triggered - this time indicating that unac-
ceptable acceleration (e.g., greater than 15 
percent deviation from nominal) was being 
achieved. 
The logic and calculations that drive 
both displays are generally similar to those 
of the TOPMS. Also, like the TOPMS, the 
ARPMS displays revert to a very simplified 
form when a takeoff abort or landing is 
initiated. The primary advantage of the 
ARPMS head-up display is that it provides 
the pilot with insight into takeoff or brak-
ing performance without requiring the pilot 
to glance back inside the cockpit. It also 
allows the pilot to keep the runway in view 
while monitoring airspeed and verifying 
certain anomalies reported by the copilot. 
In the initial development of the ARPMS 
displays, the TOPMS displays and logic 
were modified to their present form follow-
ing a real-time simulator evaluation by ex-
perienced NASA, FAA, Air FQrce, and com-
mercial-airline pilots. These displays are 
considered to have high potential for in-
corporation into the cockpit environment 
for the entire aerospace community. 
With the ARPMS Head-Up Display In the Pilot's Window, the pilot does not have to 
glance back into the cockpit for pertinent information during critical procedures. 
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Intensity-Modulated 
Fiber-Optic Tachometer 
A dual fiber-opt ic sensor would impart 
insensitivity to displacements of the shaft. 
Lyndon B. Johnson Space Center, 
Houston, Texas 
A proposed optoelectronic tachometer would deter-
mine the speed of rotation of a shaft by measu ring 
fluctuations in the intensity of light reflected from notches 
on the shaft. Older tachometers based on electromag-
netic, optical , and magnetic-force sensing principles are 
not well suited to such measurements where tempera-
tures vary over wide ranges because they tend to be 
sensitive to distances between sensors and shafts, and 
these distances change with thermal expansion and 
contraction . The proposed tachometer would be rela-
tively insensitive to the distance between the sensor and 
the shaft. 
Light from a laser diode would be split into two fiber-
optic paths and sent to the shaft through a dual fiber-
optic sensor (see figure) . Light emerging from one fiber 
would illuminate the notched area of the shaft and would 
be reflected back along that fiber to a photodiode. Light 
emerging from the other fiber would illuminate the adja-
cent , un notched area of the shaft and be similarly re-
flected back along this fiber to a second photodiode. 
Because the sensing ends of both fibers would lie at 
very nearly the same distance from the shaft, regardless 
of vibrations or thermal expansion or contraction , the 
amount of laser light reflected back to both photodiodes 
would vary by about the same proportion . Therefore, the 
ratio between the outputs of the photodiodes should be 
nearly independent of the distance between the sensor 
and the shaft. The fluctuations in th is ratio would indicate 
the passage of the notches and, therefore, could be used 
to determine the speed of rotation . 
This work was done by James A. Daniel and Ralph M. 
Tapphorn of Lockheed Engineering and Sciences Co. 
for Johnson Space Center. No further documentation is 
available. MSC-21707 
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The Fiber·Optic Tachometer would measure the speed of 
rotation of a shafl. The dual fiber-optic sensor would determine 
the ratio between reflections from notched and unnotched 
areas on the shafl. 
NASA Tech Briefs, June 1992 
Books and Reports 
These reports, studies, handbooks are avail· 
able from NASA as Technical Support Pack· 
ages (TSP's) when a Request Card number IS 
Cited. otherwise they are available from the 
National Technical Information Service. 
Definition of the 
MSAT-X Network 
Results of research 
and tentative specifi-
cations are presented. 
A report describes the state of develop-
ment of the Mobile Satellite Experiment 
(MSAT-X) network as of about the end of 
the year 1989. The MSAT-X network would 
include mobile stations (e.g., aboard trucks) 
and base (e.g ., dispatching) stations com· 
municating by microwave radio relay via 
a geostationary satellite. It would provide 
three main types of service: mobile tele-
phone (voice only), mobile dispatch (voice 
and digital data), and digital data (packet 
messages). Aspects of the MSAT-X net-
work have been described in previous ar· 
ticles in NASA Tech Briefs. 
The report summarizes the findings of 
the research conducted in the MSAT-X proj· 
ect in recent years. The findings serve as 
background for the discussion of tentative 
specifications for the design of the net-
work, which would implement a demand· 
assigned/frequency·division multiple·ac-
cess (DA/FDMA) scheme. 
The technical details are presented in 
10 sections, beginning with a brief history 
and overview of the MSAT-X concept in sec· 
tion I. Section II describes the basic ele-
ments of the MSAT-X network other than the 
satellite - namely, the base stations, mo-
bile stations, and network-management cen-
ter. Section II also describes the topology 
of the interconnections among the ele· 
ments of the network, including both the 
physical aspects (principally, frequency 
channels) and logical aspects (represen· 
tation of permissible interconnections via 
a matrix). 
Section III discusses the basic closed· 
end and open·end modes of interconnec· 
tion. Closed·end connections would be 
used mostly for the transmission of short 
digital messages between mobile stations 
or between mobile and base stations. 
Open·end connections would be used for 
vocal communications and the transfer 
of long files of digital data. 
Section IV describes those aspects of 
the structure of the network that pertain 
to the demand-assigned multiple·access 
(DAMA) scheme. The scheme is imple· 
mented by the Integrated Adaptive Mobile 
Access Protocol (I-AMAP) algorithm, which 
partitions the channels dynamically in such 
a way as to optimize between the com· 
peting goals of maximizing the number of 
subscribers who have simultaneous ac-
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cess while minimizing delays in the com· 
pletion of services. 
Section V discusses the channel·access 
protocol (CAP), which governs the sending 
of requests for, and the waiting for acknowl· 
edgements of, connections. Two alternative 
CAP algorithms are considered: Modified 
Slotted ALOHA and the free·access tree 
algorithm, both of which implement ran· 
dom·access schemes and have been dis· 
cussed previously in NASA Tech Briefs. 
Section VI describes the connection pro-
tocol, which includes procedures that re-
semble the corresponding procedures used 
in telephone systems to initiate and termi· 
nate connections. Section VII describes 
techniques used to suppress errors in the 
MSAT-X network. These include error-de· 
tecting and error-correcting codes and se-
lective retransmission of message packets 
that contain errors. Section VIII discusses 
the structures of message packets. Sec· 
tion IX describes two computer systems 
designed to simulate the operations of 
channel·access and connection protocols. 
Section X presents an example of an 
MSAT-X network configuration that would 
cover the continental United States with 
four overlapping beams and reuse of fre-
quencies in nonoverlapping portions. The 
system would operate at an uplink frequen· 
cy of, 1.65 GHz and a downlink frequency 
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of 1.55 GHz with 466 5-kHz channels per 
beam. 
Section XI lists contemplated future re-
search activities. These include selection 
of the specific error-suppression technique, 
integration of the two computer simulation 
systems, and the development of the MSA"F 
X network into an integrated end-to-end 
digital "pipe" similar to the wireline-based 
Integrated Services Digital Network. 
This oork was done by Charles C. Wang 
and Tsun-Yee Van of Caltech for NASA's 
Jet Propulsion Laboratory. To obtain a 
copy of the report, "Mobile Satellite Ex-
periment (MSAT-X) Netoork Definition," Cir-
cle 60 on the TSP Request Card. 
NPO-18294 
Communicating on the 
Moon via Fiber Optics 
Terrestrial fi ber-optic 
technology appears 
to be adaptable to the 
lunar environment. 
A report discusses the feasibility of com-
municating over long distances on the 
Moon via fiber optics. Despite its extrater-
restrial focus, the report may also be use-
ful to scientists, engineers, and hobbyists 
who are interested in terrestrial electronic 
communications because it includes an 
introductory tutorial chapter on fiber-optic-
communication technology and a short 
chapter on current efforts to improve this 
technology. 
The question of feasibility is approached 
from the perspective of the effects of the 
lunar environment - most notably, the 
adverse effects of extreme temperatures 
on the surface (-175 to +135 0c) and 
ionizing radiation. The easiest way to pro-
tect against both seems to be to bury fiber-
optic cables 10 to 15 cm below the sur-
face - a task that should be relatively 
easy, given the looseness of the surface 
layer of lunar soil and the availability of ter-
restrial cable-burying equipment. The ter-
minal and repeater electronics could also 
be buried and heat-sunk to the lunar mass. 
The report compares fiber-optic and 
microwave technologies, concluding that 
fiber optics offer advantages of less con-
sumption of power, less weight, less bulk, 
and lower cost. It will probably be neces-
sary to redesign the buffer and jacket ma-
terials of fiber-optic cables to optimize 
strength, weight, and volume; to withstand 
the surface radiation and thermal condi-
tions and/or the rigors of handling during 
burial; and to protect the optical fibers 
against the darkening that is caused by 
the radiation. It may also be necessary to 
design the associated electronic equip-
ment to prevent damage from the dis-
charges of the static electricity that tends 
to build up in a near-vacuum environment 
52 
like that of the Moon. Overall , the report 
concludes, none of the unique lunar en-
vironmental effects seems to pose insur-
mountable problems of design, manufac-
ture, or installation; present commercial 
fiber-optic technology appears to be 
usable on the Moon with fairly minor 
modifications. 
This oork was done by George FLutes 
of Galtech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"Lunar Fiber Optic Link Study," Circle 44 
on the TSP Request Card. 
NPO-18263 
Sharing Resources in Mobile! 
Satellite Communications 
Demand-access and 
random-access approaches 
under code-division and 
frequency-division concepts 
are compared. 
A report presents a preliminary theoreti-
cal analysis of several alternative schemes 
for allocation of the satellite resource 
among the terrestrial subscribers of a land-
mobile/satellite communication system. 
The analysis addresses the relative merits 
of the code-division and frequency-division 
concepts of channelization. The system 
could be designed to utilize either concept 
via either of two basic approaches: ran-
dom access, in which each subscriber is 
allowed to transmit without making re-
quests to a network control center; and 
demand-assigned access, in which each 
subscriber must make a connection re-
quest to the network control center, which 
then grants access. 
The principal means of comparison in 
this study are the performances of the 
system under each channelization con-
cept and access approach, as modeled 
mathematically, with some simplifying as-
sumptions, for various conditions of voice 
traffic, message traffic, noise, available 
power, and available bandwidth. Consider-
able attention is focused on accounting for 
the level of voice activity in planning to use 
the gaps between spoken words to trans-
mit other signals (e.g., message packets). 
In the case of demand-assigned access 
using either code division or frequency di-
vision, numerical results indicate that the 
traditional rule of thumb, in which the raw 
number of channels is divided by the 
voice-activity factor to obtain the effective 
number of channels, is valid only asymp-
totically as the aggregated traffic approach-
es infinity. In the case of random access, 
the numerical results show that code divi-
sion is not particularly attractive for a first-
generation mobile/satellite system that has 
limited bandwidth, but could offer a viable 
alternative for such future systems as the 
personal-access satellite system in the Ka 
band, in which spectral efficiency is not 
of prime concern. 
This oork was done by Tsun-Vee Van 
and Miles K. Sue of Galtech for NASA's 
Jet Propulsion Laboratory. To obtain a 
copy of the report, ':4n Alternative Re-
source Sharing Scheme for Land Mobile 
Satellite Services," Circle 3 on the TSP Re-
quest Gard. 
NPO-18262 
Experiments in Calibration 
of Synthetic-Aperture Radar 
Experiments at three sites 
and results from one of the 
sites are described. 
A report describes an international col-
laboration on a series of experiments in 
the calibration of synthetic-aperture radar 
(SAR) systems. These systems were the 
NASA/JPL DC-8 P/LlC-Band polarimetric 
SAR, the Dutch X-Band Side-Looking Air-
borne Radar (SLAR), and the Canadian 
LlC/X-Band SAR. The experiments were 
conducted in August 1989 at Oberpfaffen-
hofen in Germany, Flevoland in the Nether-
lands, and Thetford in the United Kingdom. 
The three test sites include various flat, 
agricultural, and forested areas. Several 
different kinds of calibration equipment 
were deployed on the ground at the test 
sites, including trihedral and dihedral cor-
ner reflectors and polarimetric active radar 
calibrators. The purposes of the series of 
experiments were (1) to address the prob-
lems associated with calibration of data 
within areas of scientific interest, (2) to 
cross-calibrate between sets of imaging-
radar data obtained by different systems, 
(3) to test various designs of ground calibra-
tion equipment, and (4) to find candidate 
sites for the calibration of future satellite-
borne SAR systems. 
The report describes the major features 
of topography, natural vegetation, and agri-
culture along with the experimental pro-
cedures and equipment used at the three 
sites. It shows preliminary results of the ex-
periments at the Oberpfaffenhofen site and 
draws some conclusions concerning meas-
urements needed to complete the calibra-
tion of the NASA DC-8 C-Band SAR and 
concerning sources of error in the pre-
liminary measurements. 
This work was done by Anthony 
Freeman of Caltech for NASA's Jet Pro-
pulsion Laboratory. To obtain a copy of 
the report, "Preliminary Results of the Multi-
Sensor; Multi-Polarization SAR Galibration 
Experiments in Europe 1989," Circle 143 
on the TSP Request Card. 
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Analytic Solutions of Equations for Q-Switched Lasers 
Characteristics of pulsed lasers can be predicted without numerical integration. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Approximate closed· form, analytic equa-
tions for the characteristics of a Q.switched, 
continuous-wave·pumped laser have been 
derived. These equations express the rela-
tionships among the characteristics of the 
output, the pumping rate above the thresh· 
old pumping rate, and the rate of repeti-
tion of the Q switch. The equations are par-
ticularly useful for analyzing the perform-
ances of diode-pumped solid-state lasers, 
the lasing thresholds of which are easily 
measured and readily related to the char-
acteristics of the pump beams. 
Heretofore, the accurate prediction of 
the performance and characteristics of a 
Q-switched laser has requi red the solution 
of the laser-rate equations, which are two 
coupled differential equations that express 
the relationship between the population-
inversion density in the gain medium and 
the photon density in the laser cavity. The 
equations must be solved by numerical in-
tegration, and the accuracy of the solu-
tion depends on the choice of the initial 
photon and population-inversion densities. 
Furthermore, the solution is often given in 
terms of the population-inversion densities, 
which do not provide ready means for 
comparing the predictions of the theory 
with the results of experiments. 
The approximate analytic equations are 
obtained by solving the rate equations un-
der the following simplifying assumptions: 
• The Q-switched laser operates in the un-
saturated-gain regime . 
• The Q.switched laser operates in the 
TEMoo electromagnetic mode. 
• The profile of the TEM mode, the laSing 
wavelength, and the coupling character-
istics of the pump beam do not change 
as the pump power is increased. 
• The emission of a pulse of light coincides 
with the opening of the Q switch, and the 
switch is fast, as explained more fully 
below. 
The derivation of the equations begins 
with the calculation of the popUlation-in-
version density attained during the low-Q 
interval. This density depends on the rate 
of pumping and the duration of the inter-
NASA Tech Briefs, June 1992 
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These Characteristics of Output Pulses were computed for a diode-pumped, Q-switched 
laser with a neodymium; yttrium aluminum garnet rod 1 cm long , an intracavity excess loss of 
3 percent, a laser-mode volume of 3.7 x 10.3 cm3, and an outputcoupler97.5 percent reflective . 
val. Then assuming that the switching time 
is so short that there is no appreciable 
change in the population-inversion densi-
ty in the gain medium during the transi-
tion from the low-Q (energy-storage) state 
to the high-Q (pulse-buildup) state, one can 
treat the behavior in the latter state by 
separate equations. The only connection 
between the equations for the two states 
is the energy stored in the population-
inversion density attained during the low-
Q state, which density is used as the in-
itial population-inversion density for the 
solution of the rate equations of the high-
Q state. 
The equations describe the perform-
ance of a laser in terms of such measur-
able quantities as peak output power, en-
ergy in each pulse, average output power, 
and duration of each pulse (see figure) as 
functions of the pulse-repetition rate, ac-
tual pump power (P), threshold pump 
power E~hF D volume occupied by the laser 
electromagnetic mode, and reflectivity of 
the output coupler. The equations are ex-
pected to be most accurate at pump 
powers high above threshold (pi ~h» 1). 
This work was done by Keith E. Wilson 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir-
cle 87 on the TSP Request Card. 
NPO-18179 
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More About Calibration of Polarimetric SAR 
Reciprocity of scatterers is assumed; azimuthal symmetry is not. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Two sets of equations and algorithms 
that incorporate them have been added 
to the growing collection of equations and 
algorithms for the radiometric and polari-
metric calibration of complex quadpolar-
ization data gathered by synthetic-aperture 
radar (SAR). These equations and algo-
rithms are based partly on the known scat-
tering characteristics of artificial targets in 
the scene and partly on the assumption 
that all other targets scatter reciprocally; 
no other assumptions about the statistics 
of background scatter are required. In con-
trast, some prior equations and algorithms 
were based on the assumption of azi-
muthal symmetry of the statistics of back-
ground scatter. 
The equations are derived from a math-
ematical model in which seven parame-
ters are used to specify completely the 
amplitude and phase calibrations for 
transmission and reception in horizontal 
and vertical polarizations, including the 
cross-polarization terms. Six parameters 
are required for the polarimetric calibration; 
the seventh is required for the absolute 
radiometric calibration. In addition to reci-
This L-Band SAR Slant-Range Image shows the Goldstone calibration site. In addition 
to natural targets, the scene includes artificial targets placed in a line along a dry lake bed. 
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procity of all scatterers (which means 
shy = svh' where each s is an element of 
the scattering matrix of a target. v and h 
ZERO GAUSS CHAMBERS 
Magnetically Shield Earth's Field 
and Other Interference. 
Attenuation Factors 
of 1000 Times 
or Greater 
Typical. 
Standard & Custom 
Sizes Available. 
Send for ZG-2 catalog. 
For More Information Circle No. 370 
denote vertical and horizontal polariza-
tions, respectively, the first subscript for 
each term denotes the transmitted 
polarization and the second denotes the 
received polarization), the following three 
conditions are also assumed in the model: 
• A significant fraction of the power in the 
SAR image is scattered from natural tar-
gets that have covariance matrices 
(which represent the statistics of scat-
tering-matrix elements) of rank 3. Stated 
alternatively, this means that statistical-
ly, there are no linear relationships among 
Shh' Shy' and svv' 
• Noises in different channels of the radar 
system are not correlated with each other. 
• The covariance matrix for the observed 
overall noise in the system is known or 
negligible. 
The model yields three equations (for 
natural targets) in the six parameters of the 
polarimetric calibration. These equations 
are augmented with an additional set of 
equations for artificial targets used to cali-
brate at known ranges (see figure). This 
set is derived from a combination of two 
passive targets: a trihedral and a dihedral 
corner reflector. In combination with the 
equations for natural targets, the equations 
for the artificial targets yield complete radi-
ometric and polarimetric calibrations. 
This work was done by Jeffrey D. Klein 
and Anthony Freeman of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 95 on the TSP 
Request card. 
NPO-18137 
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Designing Birefringent Filters for Solid·State Lasers 
A mathematical model treats the polarization eigenmodes of entire resonators. 
Goddard Space Flight Center, Greenbelt, Maryland is computed. The information about the 
polarization state is transformed into values 
A mathematical model enables the de-
sign of a filter assembly of birefringent 
plates as an integral part of the resonator 
cavity of a tunable solid-state laser. The 
model is applicable to both ring and 
standing-wave lasers. 
Unlike liquid dyes, such tunable solid-
state laser materials as Ti :sapphire and 
alexandrite are birefringent. It is frequent-
ly troublesome to design laser-resonator 
cavities that contain electro-optical Q 
switches, birefringent gain media, and 
birefringent filters. A proper design must 
treat the polarization eigenstate of an en-
tire resonator as a function of wavelength. 
The polarization eigenvector at the output 
coupler describes the polarization char-
acteristics of the laser output, while the 
eigenvalue defines the strength of the 
given polarization eigenmode. If the eigen-
value is greater than a threshold, the sys-
tem lases in' that mode. The mathematical 
model addresses these considerations. 
The model is implemented by a com-
puter program written in Turbo Pascal for 
MS DOS with EGA. The program includes 
software modules for a variety of optical 
elements including Pockels cell, laser rod, 
quarter- and half-wave plates, Faraday ro-
tator, and polarizers. In addition, it includes 
a flexible module for the birefringent-filter 
assembly. As currently written, most of the 
modules enable the investigation of the ef-
fects of roll misalignments. The birefrin-
gent-filter module enables the investiga-
tion of the effects of plate-thickness errors 
and of plate-te-plate alignment errors in tilt 
and rotation. 
Each module builds a complete wave-
length<lependent polarization matrix (Jones 
matrix). This matrix is a product of matrices 
that describe surface losses, rotation ma-
trices that transform the cavity coordinate 
system to the internal coordinate system 
and back again, a bulk gain or loss matrix, 
and a phase-retardation matrix. At each 
wavelength, the product of all polarization 
matrices is evaluated to determine the 
eigenvalue and eigenvector. From these, 
the magnitude of the maximum eigenvalue 
that describe the axes of the polarization 
ellipse with respect to the axes of the cavi-
ty and the eccentricity of the polarization 
ellipse. 
To provide an example of the utility of 
the model, the program was used to 
analyze a standing-wave laser resonator 
composed of an output coupler, an alex-
and rite rod, a five-quartz-plate bireiringent 
filter, and a Pockels-cell Q switch. A labora-
tory laser in this configuration demonstrat-
ed incomplete hold-off during tests. The 
top part of the figure shows the spectrum, 
computed by the model, of the magnitude 
of the eigenvalue at the output coupler 
with the cavity in the low-Q condition. This 
spectrum confirms a near-threshold con-
dition during holdoff. The model predicts 
further that simple reversal of the order of 
the quartz plates solves the holdoff prob-
lem, as shown in the computed spectrum 
in the bottom part of the figure. Laboratory 
tests with the order of the plates reversed 
confirm the prediction of the model. 
Eigenvalue and Polarization Spectra were computed for the low-Q resonator cavity 
of a standing-wave laser, usi ng two different sequences of birefringent filter plates. 
The spectral resolut ion of these plots is 0.05 nm. The numbers associated with the 
birefringent plates are relative thicknesses. 
This work was done by Bryan Monosmith 
of Goddard Space Flight Center. No fur-
ther documentation is available. 
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!J Cameras Would Withstand High Accelerations 
Features would include ruggedness, achromaticity, and compactness. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Very rugged cameras with all-reflective 
optics have been proposed for use in the 
presence of high accelerations - even to 
be transported aboard projectiles to record 
and survive impacts. In the original intend-
ed application, such cameras would be 
used as remote imagers to be carried 
aboard small exploratory spacecraft. On 
Earth, cameras of this type might be useful 
as portable imagers that may be subject 
to rough or unpredictable handling, or as 
instrumentation cameras to be mounted 
on severely vibrating or accelerating ve-
hicles, platforms, and the like. 
The optics of a typical camera of this 
type would consist of four coaxial focus-
ing mirrors in a Cassegrain configuration 
(see figure). Any or all of the mirrors could 
be conics or aspherics. The all-reflective 
optics would be achromatic, and the im-
aging system overall would pass light in 
a wide spectrum from extreme ultraviolet 
to far infrared. 
Two of the four mirror surfaces would 
be machined (e.g ., by diamond turning) into 
each of two round cylindrical blocks of 
metal (which could be beryllium for light 
weight). The entrance aperture would con-
sist of a series of axial holes spaced evenly 
around an annulus in one of the blocks. 
The remaining material in this annulus 
would serve as a rigid support for the two 
mirror surfaces in that block. 
The material remaining after the machin-
ing of each block would include rugged 
integral baffles to prevent unfocused light 
from reaching the focal plane directly from 
the scene. A charge-coupled-device video 
camera, film camera, or array of photode-
tectors would be placed at the focal plane. 
The folded optics of the Cassegrain con-
figuration could be designed, if desired, to 
have an effective focal length several times 
the axial distance from the input end of the 
camera to the focal plane. Computer simu-
N~JJJJJTRmmJJJJJJ~ 
Portion of Ingoing 
Beam Thai Will 
Reach the Focal Plane 
lations with representative designs show 
that a camera of this type could give dif-
fraction-limited performance over a sub-
stantial (several degrees) field of view. 
This INOrk was done by Aden B. Meine/, 
Marjorie P. Meine/, Steven A. Macenka, 
and Antonio M. Puerta of Caltech for 
NASA's Jet Propulsion laboratory. For 
further information, Circle 9 on the TSP 
Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL {see page 18]. Refer to 
NPO-18149. 
Baffles 
The Optics in This 
Very Rugged Cam-
e ra can be ma-
chined out of solid 
blocks of metal. Be-
cause the optics 
would be reflective 
(as distinguished 
from refractive), they 
would also be ach-
romatic. The dimen-
sion shown is for 
example only: the 
camera could be 
made larger or 
smaller. 
Reflections From Plasma Would Enhance Infrared Detector 
Multiple passes of radiation would increase the quantum efficiency. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
In a proposed photoemission semicon-
ductor detector of long-wavelength (8 to 
16 jlm) infrared radiation, the quantum ef-
ficiency would be enhanced by multiple 
passes of the radiation. Arrays of devices 
of this type could be incorporated into in-
tegrated-circuit infrared imaging devices. 
A typical device of this type (see figure) 
would have some of the features of both 
a back-te-back heterojunction internal-phe-
toemission (HIP) detector and a Fabry-
Perot interferometer. The example uses an 
AlGaAs/lnGaAs/GaAs heterostructure with 
n+ doping of the InGaAs layers; however, 
other heterostructure materials (e.g., AIAs/ 
GaAs/AIGaAs, Si/GeSi/Si, ecl.) and/or p+ 
doping may be appropriate. Photons of en-
ergy greater than the height of the n+-
InGaAs/GaAs heterojunction barrier would 
be absorbed, causing internal photoemis-
sion of electrons (holes) over the barrier. 
In a device of typical dimensions and com-
position, only a few percent of the photons 
of the desired wavelength would be ab-
sorbed in one pass. To effect multiple pass-
es and thereby increase the number of 
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photons absorbed, and thus the quantum 
efficiency and output current, the device 
would incorporate front and rear plasma 
reflecting n+ (or p+) layers spaced for 
resonance like the reflecting surfaces of 
a Fabry-Perot interferometer. 
The reflections would occur in the heavi-
ly doped n+ (or p+) InGaAs layers of suf-
ficient thickness (-1 /lm) at wavelengths 
greater than that of the plasma resonance 
of these layers. The plasma-resonance 
wavelength is inversely proportional to the 
square root of the charge-carrier density; 
for example, at a representative density of 
2 X1019 cm - 3, the plasma-resonance 
wavelength would be about 6 /lm . 
The device shown in the figure would 
provide photovoltaic output from the two 
n+ InGaAs/GaAs heterojunction barriers, 
which would be connected in parallel so 
that the combined internal photoemission 
current would be collected in the common 
n - -GaAs layer in the middle. Two outer 
AIGaAs layers would confine the n+-
InGaAs layers and increase the quantum 
efficiency somewhat by reflecting photo-
electrons back inside toward the active 
barriers. However, the infrared radiation 
would be absorbed and reflected mostly 
from regions near the internal interfaces 
between the n+-lnGaAs and GaAs layers, 
and this effect would cause the photoelec-
trons to be produced closer to the active 
barriers, thereby substantially increasing 
the quantum efficiency. 
In fabricating an imaging array of such 
devices, common metal contacts would 
be depoSited directly over the exposed 
n+ layers on the slopes of the grooves 
that would surround each device. Quan-
tum tunneling through narrow Schottky 
barriers would effect good electrical con-
tact between the metal and the n+ In-
GaAs layers. On the other hand, a wide 
Schottky barrier that would form between 
the n - GaAs layer and the metal would 
effectively block conduction, preventing 
the metal from electrically shorting out the 
devices. 
This oork was done tJy Joseph Maserjian 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir-
cle 102 on the TSP Request Card. 
NPO-18053 
Accounting for Gains and Orientations in 
Polarimetric SAR 
Calibration includes some of the complicating characteristics of 
real radar equipment. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Yet another method of calibration has 
emerged from continuing efforts to in-
crease the accuracies of polarimetric 
synthetic-aperture-radar (SAR) measure-
ments. This method accounts for some of 
the characteristics of real radar equipment 
that invalidate the standard 2 x 2 complex-
HH 
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amplitude R (receiving) and T (transmitting) 
matrices. These matrices have been used 
along with the complex-amplitude S (scat-
tering) matrices to derive the basic equa-
tions for several prior methods of calibra-
tion of SAR systems. 
Heretofore, calibration equations and 
algorithms have been derived under the 
assumption that the ratio between the 
powers transmitted in horizontal (H) and 
vertical M polarization and the ratio be-
tween the gains of the receiver(s) in the 
H and V channels both remain constant. 
In practice, gains are switched to higher 
values in the reception of cross-polariza-
tion returns to keep signals within optimum 
ranges of analog-to-digital converters. In 
the new method, one assumes not only 
that the gains can be switched but also 
that the overall complex (amplitude and 
phase) gain can be different in each of the 
channels HH, HV, VH , and VV (see figure). 
The Overall Gain in Each Combination of 
Transmitting and Receiving Channels is 
assumed to be different, as it can be in 
practice, even when only one transmitter 
and one receiver are used. (The first letter 
in each pair denotes the receiving polari-
zation; the second letter denotes the trans-
mitting polarization.) 
3M Reveals 
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EMI/RFI 
Shielding Tape 
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superior solderability, 
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AUSTIN, Tex. - This new UL Recognized 
Scotch™ Foil Shielding Tape 1183 employs 
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magnetic shield. 
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protect ion. 
The tape is a tin-
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The unique elec-
trically-conductive 
adhesive enables 
1183 tape to make 
electrical connec-
tions across seams 
and bet~een mat-
ing sections , of 
electronic enclo-
sures ranging from small equipment 
housing to large shielded rooms. The tape 
can also shield the energy radiating from 
seams between the sectors of dish 
antenna. 
The pecial tin-alloy coating on both 
sides of the foil provides two significant 
benefits . 
1. Thorough environmental stability and 
corro ion resistance. 
2. Exceptional solderability for applica-
tions uch as sealing the seams when 
the tape is used a a shield around 
cable connectors. 
3M 1183 Tape also serves as a corrosion 
resistant contact surface for conductive 
ga keting , beryllium copper "spring 
fingers" or other resilient conducting media 
used around doors and openings of 
electronic cabinetry. 
For more information about all 3M Foil 
Tapes, contact a 3M Electrical Specialties 
Division representative or authorized 
distributor or call 1-800-233-3636. 
3M Electrical Specialties Division 3M 
6801 River Place Boulevard 
Austin , Texas 78726-9000 
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Thus, the new method is more generally 
applicable, although it invalidates the math-
ematical model based on the simple 2 x 2 
Rand T matrices. 
It turns out that by use of SAR meas-
urements made with polarimetric active 
radar calibrators (PARC's) serving as tar-
gets, one can characterize the departure 
of a polarimetric SAR system from the sim-
ple 2 x 2 model in terms of a single com-
plex parameter, -y. This parameter can be 
used to transform the measurements made 
by the system into a format compatible 
Books and Reports 
These reports , studies, handbooksareavail-
able from NASA as Technical Support Pack-
ages (TSP's) when a Request Card number 
IS cited ; otherwise they are available from the 
National Technical Information Service. 
Comparative Study 
of Resonator Optics 
for Lidar Applications 
Overall efficiencies of coaxial 
transceivers are computed. 
A report discusses the overall transmit! 
receive performances of laser-radar trans-
ceivers; e.g., lidar instruments used in the 
remote sensing of winds. In a typical sys-
tem of the type stUdied, a laser beam gen-
erated by an unstable resonator is trans-
mitted to a remote aerosol or other diffuse 
target. A small proportion of this optical 
radiation is scattered back to the source, 
where 'it is collected by the receiving op-
tics (which, in the monostatic configura-
tion studied here, are coaxial with the 
transmit optics) and mixed with a local-
oscillator signal in a heterodyne detection 
arrangement. 
To compare the relative performance of 
one such transceiver with another com-
with the simple 2 x 2 model, so that the 
data thus preprocessed can then be proc-
essed by the applicable one of the several 
prior methods based on the simple model. 
Ignoring second-order crosstalk terms, 
/' is insensitive to rotations of PARC's about 
the line of sight of the radar system. Other 
quantities measured by use of PARC's are 
sensitive to such rotations, and the method 
prescribes a calibration procedure that 
minimizes the effect of small deviations of 
the orientations of PARC's from the desired 
orientations. If the orientation of a PARC 
prising somewhat different optical charac-
teristics, a figure of merit is introduced, 
which combines the energy-extraction ef-
ficiency of the laser resonator with the co-
herent far-field antenna efficiency of the 
receiver. The analysis employed uses the 
backward-propagated local-oscillator 
(BPLO) approach, in which the local oscil-
lator beam is imagined as being projected 
through the receiver optics to the target 
plane, where it is coherently convolved 
with the transmitter beam. 
The far-field irradiance distribution of the 
BPLO beam used in the analysis is com-
puted via the diffraction integral, assum-
ing a Gaussian transverse distribution of 
BPLD irradiance truncated by the transmiV 
receive pupil. The corresponding far-field 
distribution for the transmitted beam is de-
termined in a similar manner, except that 
the transverse distribution of irradiance at 
the pupil is either of two basic types, de-
pending on whether the transverse reflec-
tance prOfile of the transmitter output optic 
is considered to be Gaussian (soft-edged) 
or planar (hard-edged). In the Gaussian 
case, the transverse distribution of irradi-
ance across the transceiver pupil is a com-
pound Gaussian due to the convolution of 
the resultant Gaussian internal laser mode 
with respect to the local reference frame 
determined by the surface of the Earth is 
known, then one of the parameters com-
puted in the calibration procedure should 
give the orientation of the H, V radar coor-
dinate system with respect to the H, V co-
ordinate system of the Earth. 
This oork was done I:1j Anthony Freeman 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir-
cle 144 on the TSP Request Card. 
NPO-18282 
with the Gaussian reflectance output op-
tics. In the hard-edged case, the trans-
verse distribution of irradiance across the 
pupil is approximated as a uniformly illu-
minated annulus. 
These two cases have been selected 
for comparison because of their practical 
importance. In previous studies, the Gaus-
sian profiled optiCS have been found to im-
prove the far-field qualities of laser beams. 
On the other hand, hard-edged couplers 
can be fabricated from more-damage-re-
sistant (i.e., metallic) materials, a critical 
feature in high-energy laser systems. In 
particular, the intercomparison shows that 
for multi-joule-output pulsed CO2 lasers, 
the Gaussian profiled optics offers relative-
ly little improvement over the hard-edged 
option, while the greater hardiness and 
superior energy-extraction capability of the 
latter may constitute a strong argument in 
favor of its application. 
This work was done by David M. Tratt 
and Robert T. Menzies of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "Comparative 
Study of Resonator Antenna Properties in 
Coherent Lidar Applications," Circle 31 on 
the TSP Request Card. 
NPO-17776 
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SPECIFY INCO SPECIALTY POWDERS 
FOR WIDE RANGE OF 
ELECTRONIC APPLICATIONS 
Inco Type T 287 Filamentary Powder, particle size (FSSS) 
2.6-3.3 microns, apparent density 0.75-0.95 glcc, relative 
surface resistivity 0.30 ohms per square (0 ). 
Novamet HCA-1 Flake, screen mesh 98% minus 400, 
apparent density 0.90 glcc, thickness 1.0-1.1 microns, 
surface resistivity 0.25 DID. 
Inco Specialty Powder Products now has a wide 
range of nickel and coated powders with exceptional 
conductive and magnetic properties. These properties 
make them ideal for a spectrum of electronic applica-
tions such as conducting film technology. coatings. 
adhesives, gaskets and EMI shielding. 
EXTENSIVE PRODUCT RANGE 
The development of computer processed control 
coupled with the continuous powder production 
improvements enables us to meet your most stringent 
powder specifications for electronic applications. 
In addition to the products pictured above, INCO SPP 
has available the following high performance powder 
products. Novamet Conductive Nickel Spheres, particle 
size (FSSS) 8-9 microns, apparent density 3.2-3.5 glcc, 
surface resistivity 1.0 ohms per square. Novamet 525 
Conductive Nickel Pigment, screen mesh 100% minus 
400, particle size 3.2 microns, 0.65 BET surface area 
me/g, surface resistivity 0.35 ohms per square. Silver 
Coated Nickel Flake, 15% Ag, 2.6 glcc apparent den-
sity, particle size (FSSS) 15 microns, screen mesh 99% 
minus 200, surface resistivity 0.04 ohms per square. 
Magnetic; ferrites and surge arrestor applications also 
Novamet Silver Coated Nickel Spheres, 15% Ag, 
2.5 glcc apparent density, particle size 10 microns, 
screen mesh 99%-250, surface resistivity 0.03 DID. 
Novamet Nickel Coated Graphite, 60% fully encapsulated Ni, 
apparent density 1.6 glcc, particle size (FSSS) 100 microns, 
screen mesh 63% - 1501 + 250, surface resistivity 0.3 OlD . 
use our specialized range of nickel oxides. High Purity 
Black Nickel Oxide, 77.2% Ni, BET 75 (m2fg) particle 
size (FSSS) 5.2 microns, minus 325 mesh 99% plus. 
Green Nickel Oxide, 78.5% Ni, BET 3 (m2/g) particle 
size 1.6 microns, - 325 mesh 100%. 
Inco Specialty Powder Products is your unique 
source for custom fitting high performance powders into 
electronic applications. Our customer focused, world-
wide marketing service group is ready to help you with 
your current and future needs. 
For more information write INCO Specialty Powder 
Products, Dept. 1-90, Park 80 West-Plaza Two, Saddle 
Brook, NJ 07662 
INCO Spp 
Park 80 West-Plaza Two, Saddle Brook, NJ 07662 
Shin-Muromachi Building , 4-3 Nihonbashi-Muromachi 2-Chome, 
Chuo-ku, Tokyo 103 Japan 
1-3 Grosvenor Place , London SW1X7EA England 
15/FI Wilson House, 19-27 Wyndham Street Central , Hong Kong 
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Evaluation of Potting Materials for Use in Extreme Cold 
Tests help identify noncracking combinations of mater ials. 
Marshall Space Flight Center, Alabama 
A straightforward test aids the evalua-
tion of potting materials for copper coils 
that are to be used at low temperatures 
to measure varying magnetic fields. The 
main purpose of the test is to determine, 
for each combination of materials, whether 
the coefficients of thermal expansion of 
the potting matrix material, of any micro-
balloons mixed into the matrix material , 
and of the coil are compatible. In the past, 
unequal rates of contraction (or expansion) 
during rapid cooling to (or heating from) 
low temperatures (e.g., in liquid hydrogen) 
have caused cracks in potted coi ls. 
In the fabrication of a specimen to be 
tested, the potting material(s) is(are) cured 
with rotation . In the test, the specimen pot-
ted coil is subjected to a series of 10-
minute thermal cycles in which it is cooled 
from room temperature to about -450 OF 
( - 268 0G), and then reheated to room tem-
perature. If this thermal cycling does not 
cause the copper coil wire to break, then 
the materials are considered compatible. 
The test can also be used to determine 
the effects of the distribution of micro-
balloons, voids, and porosity. The materials 
can also be evaluated for ease of use. 
This work was done by Ernesto Acosta 
of Rockwell International Corp. for Mar· 
shall Space Flight Center. No further 
documentation is available. MFS-29825 
~~ Conductive Bands Diminish Electrostatic Discharges 
Conductive bands are painted around edges. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Electrostatic discharges on surfaces 
covered with electrically insulating paints 
can be reduced by a simple expedient: 
connecting the edges of the painted sur-
faces to electrical grounds. It is desirable 
to suppress or at least reduce the mag-
60 
Introducing the ltansitainer 
COST-EFFECTIVE WAY 
TO SHIP ELECTRONICS 
• Rugged, reusable, stackable 
• Tough Rota-molded, color-impregnated plastic 
• Meets ATA 300, Category 1, and MIL-SPEC 
• Gasketed, weather-tight 
• Wide range of sizes- 6" x 6" 
to 48" x 52" 
• Available from inventory 
in 1 to 2 weeks 
• 127 field reps for at-your-site 
custom design 
• Call today for technical details 
and our case catalog 
~~~folxlg fmllA~T"xS~ ~ UNIT OF ZERO CORPORATION 
672 Fuller Road, Chicopee, MA 01020 
PHONE: (413) 267-5561 
FAX: (413) 592-5018 
For More Information Circle No. 535 
nitudes of such discharges so they won't 
damage nearby electronic circuits. Satel-
lites in certain orbits around the earth, 
especially the geosynchronous and the 
polar regions, are frequently immersed in 
an energetic plasma environment leading 
to electrostatic charging of dielectric ex-
terior surfaces and resultant electrostatic 
discharges. 
The static-discharge problem can be 
particularly acute in thermal-control paints, 
which are electrically insulating and which 
cannot be made electrically conductive 
without ruin ing the thermal-control proper-
ties. When a surface covered by such a 
paint is exposed to a flux of charged par-
ticles, the charges lodge on the surface 
and do not leak to the grounded conduc-
tive surface below the paint. Charge builds 
up on the outer surface of the paint and 
may eventually arc to the conductive sur-
face, damaging structures and equipment. 
A preventive measure is to deposit a 
band of conductive (albeit highly resistive) 
material, such as colloidal graphite, per-
haps 3 cm wide around the edge of the 
painted area. The band is connected to the 
conductive substrate at several points. The 
band causes discharges to occur at lower 
potentials and to be less energetic. The 
electrical resistance of the band helps to 
dissipate the energies of the discharges, 
thereby reducing further the energy avail-
able to damage electronic circuits. 
This work was done by Philip L. Leung 
and Albert Whittlesey of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 141 on the TSP 
Request Card. NPO-17960 
NASA Tech Briefs, June 1992 
Porous Barrier to Flow 
of Hot Gas 
The barrier proved successful in protecting a 
bellows seal. 
Marshall Space Flight Center, Alabama 
A po rous, ropelike barrier prevents a recircu lating flow of 
hot, hydrogen-rich steam from reaching a nickel-alloy bel-
lows seal located deep in a gap in the wall of a combustion 
chamber. The barrier is needed because the hot recirculating 
flow can crack the bellows seal. The development of the 
barrier solves a rather specialized problem that arises in the 
gap between a solid portion of the wall and the portion of the 
wall that consists of coolant tubes in the combustion-cham-
ber of the main engine of the Space Shuttle. However, 
simi lar barriers may help to block deleterious recirculating 
flows of hot gases in other combustion chambers; e.g., those 
of furnaces and turbomachines. 
The barrier consists of a sleeve of braided Nextel® (or 
equivalent) stuffed with Saffi® (or equivalent) batting (see 
figure) . Both materials can withstand working temperatures 
up to 2,600 of (about 1,400 °C) . These materia ls are also 
flexible and compliant, and they provide the required resis-
tance to flow. In preparation for assembly, the seal is tied by 
Nextel® (or equivalent) thread and glued in place on one of 
the subassemblies of the combustion chamber. Once the 
combustion chamber is assembled , the ties and the narrow-
ing of the gap toward its opening retain the ropelike barrier in 
the gap. 
The barrier has proven successful in protecting the bellows 
seal at several different values of the protrusion of coolant 
tubes that gives rise to the recirculating hot flow. The maximum 
time accumulated in operation with a large protrustion was 6,819 s. 
This work was done by Joseph W. Onstott, and Jacob 
Rietdyk of Rockwell International Corp. for Marshall Space 
Flight Center. For further information, Circle 98 on the TSP 
Request Card. MFS-29784 
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OeTAll OF BARRI ER 
The Ropelike Porous Barrier is secured in the gap during assembly. 
It prevents recirculating hot gas from reaching the bellows. 
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~~~~~~~~~~Z~irc~or.ra 
Fiber-Based Materials 
offer limitless possibilities 
When you need exceptionally high tempera-
tures, low thermal conductivity or resistance 
to chemical attack, choose one of Zircar's 
Zirconia fiber-based materials. Bulk fibers, 
flexible textiles, rigid boards or cylinders: 
nobody knows how to take Zirconia to the 
limit like Zircar! 
E~~F 
Z!r.!?u!:AC 
P.o. Box 458, Florida, NY 10921 
Tel: (914) 651-4481 Fax: (914) 651-3192 
For More Information Circle No. 321 
THE UQUID SILICONE RUBBER ADVANTAGE 
Liquid silicone rubber injection 
molded components offer 
tremendous cost, qual i ty and 
des ign advan tage over heat cured 
si l icone rubber compression or 
o'ansfer molded components. 
COST ADVA TAGE: T he 
maj or advantage is the cost 
reduction by the elimination of the 
fi ve costly, labor intensive, time 
consuming steps of mi ll ing, 
compounding, preforming, defl ashing and post curing, necessary for 
compression or transfer moldi ng of heat cured silicone rubber. 
A ver age Cost reductions range from 30 to 60 percent. 
QUALITY ADVA T AGE: Airborne contamination is eliminated. 
DESIGN ADVANTA GE: T ighter dimensional tolerances can be held. 
LSM LABS pioneered the development of liquid silicone rubber 
injection molding in the late 70' . Our experience and knowledge of 
this technology is second to none, Long or hort run , prototyping and 
product application development. 
For more informat ion contact: Adrien Larri vee, at (51 8)756-3 l64, or 
fax your prints to (5 18)756-6922. 
lSMLABS 
99 Central Avenue, Ravena , NY 12143 
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Computer Programs 
62 Surface-Shading Program 
64 Space System Architecture Code 
COSMIC: Transferring NASA Software programs in your area of interest. You can also 
purchase the annual COSMIC Software Catalog. 
containing deSCriptions and ordering information for 
available software. 
COSMIC, NASA's Computer Software Manage-
ment and Information Center, distributes software 
developed with NASA funding to Industry, other 
government agencies and academia. COSMIC IS part of NASA's Technology Utiliza-
tion Network. COSMIC's inventory is updated regularly; new 
programs are reported in Tech Briefs. For additional 
information on any of the programs descnbed here, 
circle the appropriate TSP number. 
COSMIC John A. Gibson, Director, 
Phone (706) 542-3265 ; FAX (706) 542-4807 
If you don't find a program in this issue that meets 
your needs, call COSMIC directly for a free review of 
The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 
---_ ...... 
Step Up to Algor 
More than 6 ,000 engineers in 50 states and over 60 countries 
have stepped up to Algor, the most advanced finite element 
analysis and design software money can buy. All FEA models 
on this page were designed, analyzed and visualjzed on a PC 
with Algor software. The largest contains more than 24,000 
nodes and 13,000 elemen ts. Other Algor an.alysis packages 
include buckling, nonlinear gap/cable, specialized vibration, 
composite elemen ts , kinematics/dynamics, piping and more. 
"---= _____ ---..:=-..IIiiII Algor, a PC and You ___ The Total DesigniEngineering Team 
Algor, the world's leading design/analysis software for PCs, is 
specifically designed to fully exploit their increasing level of 
power. Tight bridges to CAD/CAM and other software create a 
seamless fi t into your environment. Algor design software 
provides parametric design and results visualization tools (see 
actual screen photographs on this page) th.a t are worthy of 
your expertise and creativity. And the engineering is built in. 
Typical Algor Engineering Software Packages Price 
A Linear Stress Analysis with ViziCad Plus $1500 
Stress, Vibration and Mode Shape Analysis with ViziCad Plus $2100 
Fluid Flow Analysis with ViziCad Plus $t 100 
o Heat Transfer Analysis with ViziCad Plus $1800 
E Accupak-3-D Nonlinear Stress & Vibration $2500 
Iconnex V EAGLE. Concurrent Engineering & Design Optimization $2300 
Electrostatic Analysis with ViziCad Plus $1600 
Interactive DemonstrationITutorials - $19 to $49 
Fluid Flow 
PipePlus Free 36-Page Product Guide 
Notes: 386/486 Prices, shOwn in U.S. $, Your current PC has more computing 
may change at any time. 3861486 power than your last one. Your next ·oidao~ software uses extended memory. Weitek I PC will have even more. Algor 
coprooessor and selected Unix workstation software is constantly updated to take 
versions available. Algor software Is sub- advantage of the power of new PCs. 
jected to nuclear power Industry D=~~WD;D;;;;;~;;D;;D;~;;D;;D;~;D;;D;;W;;D;DD;;;;;;;df 
Quality Assurance standards. GSA Contract # GS 00 K 89 AGS 6270 PSOl 
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150 Beta Drive 
Pittsburgh, PA 15238-2932 USA 
412-967-2700 Fax: 412-967-2781 
In California: 714-564-2541 
Computer Programs 
These programs may be obtained at a very 
reasonable cost from COSMIC, a facility spon-
sored by NASA to make computer programs 
available to the public. For information on 
program price, size , and availability, ci rclethe 
reference number on the TSP and COSMIC 
Request Card in this issue. 
Mathemallcs and 
Information SCiences 
Surface-Shading Program 
SURF enables the user to 
create images from solutions 
of equations of flow. 
The Surface Shading program, SURF, 
was developed in support of the work of 
scientists engaging in computational flu id 
dynamics (CFD) at NASA Ames Research 
Center. The role of SURF in the software 
cycle of CFD graphics is to enable the in-
teractive input of grid and solution files 
from the PLOT3D/AMES program; to use 
those files in the interactive creation of 
wire-frame, shaded, and function-mapped 
images of parts to view; and then to put 
out ARCGraph standard files that can be 
animated by use of GAS (COSMIC Pro-
gram ARC-12379). 
The CFD cycle begins with the execu-
tion of such " flow solver" programs as 
INS3D (COSMIC Program ARC-11794). 
These programs solve the higher-order 
equations that govern flight characteris-
tics, according to the test-geometry speci-
fications (e.g., forward-swept-wing model 
with surrounding airspace), and simulation 
conditions (e.g., angle of attack, mach num-
ber, Reynolds number) supplied by the user 
as inputs. The numerical solution data thus 
generated are collected and converted to 
images of flows, distributions of pressure, 
shock waves, and particle traces by use 
of the PLOT3D/AMES (ARC-12777 through 
ARC-12789) graphics-software package. 
SURF includes a mouse-driven menu 
interface that enables the user to create 
a model that consists of a mixture of dif-
ferent types of parts (including Gouraud 
and smoothly shaded funct ion-mapped 
parts) that can be interactively viewed, de-
leted, or sent to ARCGraph files. The col-
or and the specular highlights of a Gouraud-
shaded part can be adjusted interactive-
ly. Shaded parts are created on the basis 
of the sources of light, point of view, and 
ambient light level specified by the user. 
The spectrum of colors of function-mapped 
parts can be adjusted interactively. Legends 
can be created to show the correlation be-
tween color and normalized values of func-
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The P"rinciple Behind 
• 
axiOm 
• 
the Scientific Computation System 
Mathema ticians, Physicists, Chemists, 
Engineers and Economists-anyone 
who knows the importance of symbolic 
solver software-should know about 
the new generation of mathematical 
software . Axiom takes users farther and 
faster into the universe of computational 
and visual mathematics. 
Axiom breaks the barriers 
In Axiom, you have access to high level 
interactive language interfaced with a 
comprehensive library of datatypes and 
polymorphic algorithm packages for 
scientific computation . Better yet, it's 
user extensible. You can define your own 
datatypes, functions, objects or macros. 
Axiom- Power you can see 
Look beyond Axiom's mathematical 
capability and you will find 2-D and 3-D 
visual ization tools, plus the Hyperdoc 
system-a powerful online, help, tutorial 
and browser system that ensures you 
will make complete use of Axiom 's 
capabilities. 
What began as the "scratchpad" 
project at IBM's T J Watson Research 
facility is available now as Axiom, the 
symbolic solver from the Numerical 
Algorithms Group. 
The principle is simple : travel farther 
and faster in the realm of computational 
and visual mathematics. 
To find out just how much more, ca ll N ~ N U ME R I CAL 
NAG today or circle the number be low. A L G 0 R I T H M 5 
______________________________ G R 0 U P 
NAG Inc, 1400 Opus Place, SUite 200, Downers Grove, lL 60515-5702, USA, Tel : 1 708971 2337 Fox: 1 708971 2706 
NAG Ltd, Wilkenson House, Jordon Hill Rood, OXFORD, OX2 8DR, UK, Tel : 44 865 511245 Fox: 44865310139 
NAG GmbH, pchlei~heimerstr. 5, D-8046 Garching bei Munchen, Deutschland, Tel : 49893207395 Fox: 49893207396 
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tions (Le., pressure, density, temperature, 
and mach nurmer). Functiorrmapped parts 
can be "clipped" so that they show only 
contours within a specified range of values 
of functions (e.g., normalil ed pressure be-
tween 1 and 2). 
Other features of SURF include the abili-
ty to work with several grids and solutions; 
deletion of grids and solutions; support of 
multigrid files; "iblanking"; reading of 
"planes" or "whole"-format files; improved 
input and output of files that represent col-
or maps, matrices, sources of light, and ex-
trema of functions; input and output of 
"screen-dump" picture-element files; dis-
play of current data on grids and on attri-
butes of parts; and a UNIX-shell escape. 
SURF is written in C language for two 
Silicon Graphics computers: the IRIS 2OC1J/ 
3000- and the IRIS 4D-series workstations 
running the IRIX operating system. The 
workstation should have at least 4 Mb of 
main memory, 32 bit planes, z-buffering and 
z-clipping, and hardware support of the 
floating-point representation. SURF requires 
the Silicon Graphics " include" files (e.g., 
stdio.h, gLh) for recompiling after changes 
in source code. The IRIS 2000/3000 ver-
sion of SURF was developed in 1988. The 
port to the IRIS 4D-series workstations was 
done in 1991 . The program is available on 
a 0.25-in. (6.35-mm) streaming-mag netic-
Wow! Specmaster lets YOU look Up. 
look at and print full-text vendor 
catalogs. Mil-Specs and industry 
standards in seconds on CD-ROM. 
Using Specmaster, you can 
locate and produce a copy of a 
Mil-Spec or vendor catalog page in 
less time than it takes to find it on 
microfilm. 
It's easy to see why more and 
more standards users are switching 
to Spec master . 
Fast. Easy to use. Versatile 
(you can quickly do complex 
searches that take hours on 
microfilm with paper indexes). And 
larger subscribers are using 
Specmaster with money-saving 
networks. 
Specmaster files include the 
50,000 DOD-listed Mil-Specs, Mil-
Stds, QPLs, handbooks, etc. 
(updated weekly) and industry 
standards: AIA/ NAS, ASTM, 
SAE,' ASME (codes and standards) 
and AWS. 
The Specmaster vendor 
catalog file of over 10,000 sup-
plier catalogs on 47 discs is 
indexed by a quarter-of-a-million 
product terms. This allows you to 
go directly to the page for an item 
in an 800-page catalog. 
All you need to use 
Spec master is an IBM AT or 
compatible 286 PC with 640K 
RAM and DOS 3.1 or later. You 
can network Specmaster on a PC-
LAN including DecNet/PCSA. 
Call 800-638-8094 
for more information or a free live 
demonstration of Specmaster_ 
Outside USA call 301-590-2300. 
N - .... !! - -- - -__ -.r _ .... __ ~_ ~ =. !D ~= =:::== 
s .... --- ------ --- ------- - : - - -.... .. _ . --- - --- - - - -
A a:. L-;:;'';::;' Z ;:;, :!:; ... --- - ------- .... _. --- -- - - --- -
1200 Quince 0rdJard Blvd., Gaithersburg, MD 20078 
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tape cartridge in UNIX tar format. 
Silicon Graphics, IRIS, and IRIX are trade-
marks of Silicon Graphics, Inc. UNIX is a 
registered trademark of AT&1 
This program was written by Todd 
Plessel of Sterling Software for Ames Re-
search Center. For further information, 
Circle 16 on the TSP Request Card. 
ARC-12977 
Space System 
Architecture Code 
SSAC facilitates studies 
of the effects of variations 
in the parameters of 
spacecraft missions. 
The Space System Architecture Code 
(SSAC) is a computer program for perform-
ing sensitivity studies on operating param-
eters of space missions. Data for a mis-
sion to Mars and back to Earth (launch 
parameters are for even-numbered years 
between 2014 and 2028) are included. 
SSAC is a menU-driven software tool that 
can be used to examine the effects of 
variations in such parameters as the sizes 
of crews of piloted missions, chemical vs. 
nuclear electric propulsion, specific im-
pulse, and other variables. 
The structure of SSAC gives the user 
control over the following options: (1) mass 
scaling; (2) number of stages of multistage 
missions; (3) specific impulse; (4) efficien-
cy of electric propulsion; (5) aerobraking; 
(6) payload mass; (7) parameters of the 
Mars lander; (8) crew-resource require-
ments; (9) escape-spiral times; (10) total 
propulsion times; (11) attitude-control pa-
rameters; (12) telecommunications op-
tions; and (13) optimum trajectories. 
This package of software is written in 
FORTRAN 77 for DEC VAX-series compu-
ters running VMS and is intended to be run 
interactively, although it can be modified 
for batch mode. The program has a menu-
based user interface and requires 59K of 
. main memory. Many different parameter 
dependencies can be graphically displayed 
on Tektronix-compatible output devices. 
SSAC is available in DEC VAX backup for-
mat on a 9-track, 1,600-bit/ in. (630-bit/cm) 
magnetic tape (standard distribution me-
dium) or a TK50 tape cartridge. This pro-
gram was developed in 1990 and is a copy-
righted work with all copyright vested in 
NASA. 
DEC, VAX, and VMS are trademarks of 
Digital Equipment Corp. Tektronix is a trade-
mark of Tektronix, Inc. 
This program was written by Darrell L. 
Jan and John J. Blandino of Caltech and 
Bryan Palaszewski for NASA's Jet Propul· 
sion laboratory. For further information, 
Circle 40 on the TSP Request Card. 
NPO-18463 
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Flex-Circuits 
Avionics • Military electronic • Medical implants 
Precision fIne-line circuits make reliable connections in pace shuttle 
electronics, cardiac pacemakers, and more. ingle layer to multilayer 
and rigid-flex, Minco meet the toughe t requirement. 
• MIL-P-50884C certifIed, aU types • Stiffeners for component 
• Connectors and pins soldered mounting 
to MIL-STD-2000 • Fine lines: 0.003" lines/ paces 
7300 Commerce Ln. 
Minneapolis, M N 
55432-3177 USA MINCO 
PRODIICTS INC 
Phn: 6121571 -3121 
Telex : 687-9025 
FAX: 6121571 -0927 
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Transparent LCD Heaters 
Cold weather LCD operation • Window defogging 
Optical and scientific in truments 
Here's a clear solution to healing backlit LCD' : Rugged and reliable 
Thermal-ClearN heater constructed with micro-thin wire elements and 
flexible insulation. 
• Transparent optical grade Mylar 
• Up to 17 watts per square inch, 
uniform or promed 
• Transmits over 82% of vi ible light 
• Optional temperature ensors or 
ensorless controller 
7300 Commerce Ln. 
Minneapolis, MN 
55432-3177 USA MINCO Phn: 612 571 -3121 Telex : 687-9025 FAX 6121571-0927 
PRODUCTS, INC 
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Custom RTO's 
Thermal proce sing equipment • Commercial appliances 
Aero pace instrumentation • OEM's 
tock solutions aren't always the best solutions. A cu tom RTD de ign 
from Minco can give you a perfect fIt for higher accuracy at lower co t. 
Let us tailor a ensor for you. 
• 10 n to 10,000 n re istance thermometers; tandard and special curve 
• Custom machined cases, ordinary and exotic metals 
• Miniature, flexible, and fast respon e styles 
7300 Commerce Ln. 
Minneapolis, MN 
55432-3177 USA MINCO 
PRODUCTS, INC 
Phn: 612/571-3121 
Telex: 687-9025 
FAX: 612/571-0927 
For More Information Circle No. 342 
Thermal-Ribbon™ 
Resistance Thermometers 
Aerospace instrumentation • Medical devices 
Proces control . urface sensing 
Flexible resistance thermometer conform to urfaces for pre-
ci e thermal response. They're mall, rugged, lightweight, fast 
responding. And you can in tall them almo t anywhere . 
• Platinum to U . . or DIN tandards; nickel, copper, nickel-iron 
• Kapton, silicone rubber insulation • -200 to 220°C range 
7300 Commerce Ln 
Minneapolis, M N 
55432-3177 USA MINCO 
aolarC~p. INC. 
Phn: 612/571 -3121 
Telex : 687-9025 
FAX: 612,571-0927 
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~ External Coulomb· Friction Damping for Hydrostatic Bearings 
Clamping plates damp vibrations. 
Marshall Space Flight Center, Alabama 
An external friction device damps the 
vibrations of a shaft and of a hydrostatic 
ring bearing in which it turns. The device 
is needed because such bearings have 
little inherent damping, yet a high degree 
of stabilization is needed for the stable 
operation of such a shaft-and-bearing com-
bination at supercritical speed. 
One prior technique to increase damp-
ing in the fluid film of a hydrostatic bear-
ing involves roughening the facing sur-
faces of the bearing. However, the fluid film 
provides adequate bearing support only at 
speeds above a certain minimum value. 
During low-speed " rub starts" and "run-
downs," these rough surfaces can be de-
graded by wear. 
The external friction device does not 
rely on wear-prone facing surfaces. In this 
device, the hydrostatic bearing ring is 
clamped in a radially flexing support by 
side plates that are clamped against its 
radial surfaces by spring-loaded bolts. The 
plates provide friction force against radial 
motions of the shaft. The bolts can be ad-
justed to vary and balance the pressures 
on the plates and, thereby, the amount of 
frictional damping. The axial pressure drop 
in the bearing fluid provides additional 
clamping pressure. In operation, as the 
dynamic load on the shaft changes, the 
external friction device flexes; the resulting 
relative motion between the bearing and 
the side plates generates stabilizing forces. 
HOWAfET 
This work was done by Paul S. 
Buckmann of GenCorp for Marshall 
Space Flight Center. No further docu-
mentation is available. 
Title to this invention has been waived 
under the provisions of the National Aero-
nautics and Space Act [42 U.s.c. 2457(f)), 
to GenCorp Aerojet. Inquiries concerning 
licenses for its commercial development 
should be addressed to 
Carolyne S. Montgomery 
Contract Manager 
GenCorp Aerojet Propulsion Division 
Bldg. 2019A/ Dept. 9001 
Sacramento, CA 95813 
Refer to M FS-28556, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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HOWMET IS ONE OF THE LARGEST SUPPLIERS OF HOT ISOSTATIC 
PRESSING TO THE AEROSPACE, CHEM ICAL, MEDICAL, AND ELEC-
TRONICS INDUSTRIES, AS WELL AS THE ENTIRE CASTING INDUSTRY. 
STATE - OF - THE - ART FACILITY 
• COMPUTER CONTROLLED PROCESSING FACILITY 
• STATISTICAL PROCESS CONTROL/STATISTICAL PROBLEM SOLVING 
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• EXTENSIVE ANALYTICAL AND TECHNICAL RESOURCES 
CAPABILITIES 
• MAXIMUM DIAMETER OF COMPONENTS: 57 INCHES 
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• TEMPERATURE UP TO 2,200 DEGREES C. 
• PRESSURE UP TO 45,000 PSI 
• COM PLETE POWDER METALLURGY CAPABILITY 
• FAST TURNAROUND ON TOLL HIP SERVICES 
I[ [I HOWMET CORPORATION Whitehall HIP Division 1600 South Warner Street 
Whitehall , Michigan 49461-1897 
Telephone (616) 894-7147 
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Dolly for Heavy Towbar 
A simple unit would save labor and eliminate the 
need for a truck and forklift. 
Lyndon B. Johnson Space Center, Houston, Texas 
A proposed lightweight dolly would en-
able an operator to cart a heavy towbar 
to a remote site over unpaved roads or 
rough terrain. The dolly could be removed 
from the towbar quickly at the point of use. 
The dolly would include an aluminum 
frame with light-duty wheels (see figure). 
A clamp pin and an anti rotation bar on the 
axle shaft of the dolly would fit the rear 
clamp on the towbar, which is used dur-
ing normal towing to connect to the vehi-
cle to be towed. In other words, the dolly 
would act as a simple, lightweight towed 
vehicle that would support the rear end of 
the towbar. 
The axle assembly of the dolly would 
be reinforced with gussets to reduce flex-
ing. A pair of handles 'adjacent to the 
wheels would be used to lift and position 
the dolly. 
The dolly was conceived for use in trans-
porting the Space Shuttle towbar to a land-
ing site. The current method of transpor-
tation requires a forklift and Hon truck to 
move the 1 ,700-lb (770-kg) towbar. A total 
of about 8 worker-hours are required for 
a truckdriver, forklift operator, and Space 
Shuttle tow-vehicle driver. With the dolly, 
only the tow-vehicle driver would be need-
ed. The concept should be applicable to 
the transport of other heavy towbars over 
rough terrain by Single operators. 
This work was done by Terry A. Soper 
of LDckheed Engineering & Sciences Co. 
for Johnson Space Center. No further 
documentation is available. MSC-21747 
The Towbar Clamp 
Would Fit a pin and 
antirotation bar on the 
dolly. With the princi-
pal exception of the 
spindles and hubs, 
most of the dolly as-
sembly could be 
made of aluminum to 
facilitate lifting. 
Antlrotatlon Bar, 
2.50 In. Wide 
15-1n. 
Ught·Duty 
Tire, Hub, 
and Spindle 
Middle Part 
of Towbar 
Clamp Make. 
Contact With 
Antlrotatlon Bar 
DgDb"D~ JJ J~~.I 8ar Clamp' .::= - - ' Pin 
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VIEW FROM FRONT VIEW A·A (FROM LEFT) 
SHOWING PART OF 
TOW BAR CLAMP 
Inflatable Rings for Temporary Sealing 
A pressure seal requires no preparation or cleanup. 
Marshall Space Flight Center, Alabama lD~ 
A plug for a conical metal aperture in-
cludes inflatable rubber rings that make 
the sealing contact with the aperture. The 
rings protect the surface of the aperture 
from contact with the metal structure of 
the plug. They accommodate out-of'round-
ness and irregular surface contours with-
out leaking. Neither grease nor tape is nec-
essary to a leakproof seal. Therefore, there 
is no need to prepare the aperture before 
cleanup after using the plug. The plug with 
inflatable seals is designed specifically for 
use in testing for leakage in the conical 
nozzle of a rocket engine, but the underly-
ing concept should be applicable to other 
situations in which similar temporary seals 
are required. 
Two inflatable rubber sealing rings are 
held in place on the plug by inner and outer 
retaining rings and a containment ring be-
tween them. All three rings are made of 
neoprene rubber molded onto 2124 alu-
minum alloy rings (see figure). The two in-
flatable sealing rings lie on opposite sides 
of the joint to be tested. 
The plug is inserted in the throat so that 
a hole on its axis engages an axial shaft 
in the nozzle. The plug is secured on the 
shaft by a hand-tightened knurled nut. 
Through a manifold supported by a bracket 
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Variseal M 
Spring-Energized Seals 
for Low and High Pressures 
• Low Friction PTFE 
• Vacuum to 30000+ psi 
• Cryogenics to 575°F 
• Standard, metric and 
custom sizes 
Turcite41 seal compounds are 
chemically inert with very low 
friction. Corrosion-resistant metallic 
springs provide elasticity and 
excellent low pressure sealing. 
Call for catalogs and technical 
support. 1·800-466·1727 
Ji..VAmerican Variseal 
flT P.o. Box 1479 
510 Burbank Street 
Broomfield , Colorado 80038 
Fax: 303-469-4874 
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Coupled with P 
for free brochure 
Flexible Shaft Coupl ing Characteristics: 
• Zero Backlash 
• Zero Cyclic Speed variation during 360 0 rotation 
• Very Low elastic wind-up as low as 1 arc sec/in. oz. 
• Low side thrust on bearings 
• Set screw or split hubs available. 
Servometer Corporation 
501 Little Falls Road· Cedar Grove, NJ 07009 
(201 )785-4630 • Fax: (201) 785-0756 
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Brackets for 
Mounting Ax ial 
Shaft 
Ou ter 
Retaining 
Ring 
Knurled Nul 
TIghtened 
by Hand 
Jomt To Be 
Tested lor 
leakage 
Inf latable Rings seal a joint. After the rings have been inflated, the 
space between them is pressurized to test for leakage through the joint. 
on the plug, the sealing rings are inflated to a gauge pressure 
of 25 Ib/in .2 (0 .17 MPa). The joint in the nozzle is then ready 
for testing. 
This work was done by Paul L. Lesh and Cuyler H. 
Richards of Rockwell International Corp. for Marshall 
Space Flight Center. For further information, Circle 128 on 
the TSP Request Card. MFS-29810 
Improved Helium-Barrier Bag 
A controlled artificial atmosphere is w) 
formed around a duct. ~jf 
Marshall Space Flight Center, Alabama 
A specially designed bag maintains a helium atmosphere 
around a large, low-temperature duct. The bag is easy to install , 
durable, and reusable . It is intended to prevent the cryopumping 
that would occur if air or nitrogen were allowed to make contact 
with the cold surface of the duct. The bag was designed for use 
on the low-pressure fuel duct of the Space Shuttle main engine 
but could easily be modified to fit other ducts or vessels around 
which controlled atmospheres are needed. 
NASA Tech Briefs, June 1992 
The bag (see figure) includes an outer, 
lightweight layer of polytetrafluoroethylene 
reinforced with fibers , chosen for its 
strength and resistance to tears and abra-
sion; and an inside layer of fluorinated 
ethylenelpropylene, chosen for its strength 
and better adhesion. A zipper of molded 
polytetrafluoroethylene runs the length of 
the bag (see figure). The zipper and the two 
layers are joined together by heat bonding. 
The unzippered bag is placed around 
the duct. The bag is zippered, and its ends 
are attached to the duct by adhesive tape 
reinforced by hoop clamps. 
Helium is supplied through a hose con-
nected to an inlet fitting at one end of the 
bag. The helium leaves through a 1/8-in. 
(3 .2-mm) hole at the opposite end of the 
bag. The zipper forms an almost leak-
tight seal. 
This work was done by Brent J. Viger, 
The Bag Covers a 
Duct to maintain a 
control led atmo-
sphere around the 
duct. 
Robert F. LDgan, and Jeffrey E. Fink of 
Rockwell International Corp. for Marshall 
Space Flight Center. No further docu-
mentation is available. MFS-29B09 
Magnetically Operated Holding Plate and Ball·Lock Pin 
This relatively simple, inexpensive mechanism is suitable for robotic applications. 
Lyndon B. Johnson Space Center, Houston, Texas 
-
Second 
RO BOT HAND APPROACHES 
ROBOT HANO PUSHES PLUNGER IN, 
ALLOWING BALLS TO MOVE INWARD 
ROBOT HAND PULLS FIRST OBJECT AWAY 
NASA Tech Briefs. June 1992 
The Magnetically Operated Holding Plate 
and Ball-locking·Pin Mechanism is part 
of the fi rst object, which is to be attached 
to, or detached from, the second object. 
Here, the magnetic end of a robot hand 
simultaneously takes hold of the first ob· 
ject and operates the mechanism to reo 
lease it from the second object. 
A quick·engagement, quick-release ba"-
locking-pin mechanism is intended to be 
operated by a robot while maneuvering a 
first object (e.g. , a tool) and attaching the 
first object to, or detaching it from, a sec-
ond object (e.g., a tool holder). In com-
parison with motorized latches that have 
been deSigned for the same purpose, this 
'Tlechanism is simpler and less expensive. 
Measure shaft position 
PROBLEM: A rocket engine designer must measure the orbit of a shaft in a 
cryogenic pump for the space shuttle. Environments are extreme, ranging 
from the severe cold of liquid oxygen to the intense heat of turbine exhaust. 
SOLUTION: Kaman's noncontact displacement sensors are designed for such 
hostile environments. These systems provide high resolution from -269°C to 
+650°C. If your operating temperature is not extreme, Kaman's standard 
systems offer superior performance at competitive price. Call for details. 
Kaman Instrumentation Corp., 1500 Garden of the Gods Road, 
Colorado Springs, Colorado 80907. 719-599-1825. Fax 719-599-1823. 
800-552-6267 
KAMAN 
Noncontact Position Measuring Systems 
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The ball-locking-pin mechanism in-
cludes a tubular housing (which serves as 
the pin) with a ferromagnetic flange at one 
end. The mechanism is permanently at-
tached via this flange to the first object. 
The other end of the tube or pin is inserted 
in a mating hole in the second object. A 
plunger is free to move axially inside the 
tube or pin and is biased by a spring to-
ward a position in which it forces a set of 
balls to protrude slightly from the side of 
the tube or pin. These balls prevent the 
tube or pin from sliding out of the hole in 
the second object, thereby locking the two 
objects together. 
The figure illustrates the mechanism 
and its operation during detachment of the 
first object from the second object. Initially, 
the ball-locking pin holds the objects to-
gether as described above. A robot hand 
equipped with a magnet approaches the 
mechanism and pushes the plunger to a 
position in which the balls are free to move 
radially inward into a recess in the plunger. 
At the same time, the magnet makes con-
tact with the ferromagnetic flange. Be-
cause the magnetic attraction between the 
flange and the magnet is greater than the 
spring force on the plunger, the magnet 
thereafter holds the flange. Inasmuch as 
the balls no longer protrude from the pin, 
the robot hand can withdraw the fi rst object. 
For this detachment sequence, the mag-
net could be either a permanent magnet 
or an electromagnet. However, the attach-
ment sequence requires an electromag-
net. The attachment sequence is the re-
verse of the detachment sequence, except 
that once the two objects are mated, the 
electromagnet is turned off to let go of the 
fi rst object and allow it to remain attached 
to the second object when the robot hand 
is pulled away. 
This work was done by Leo G. Monford, 
Jr., of Johnson Space Center. For fur-
ther information, Circle 43 on the TSP Re-
quest Card. 
This invention is owned by NASA, and 
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
18]. Refer to MSC-21S17. 
Optimizing Elastodynamic Performances of Composite Links 
Engineering compromises among damping, stiffness, and strength are required. 
Lewis Research Center, Cleveland, Ohio 
A method for the design of laminated fi-
ber-reinforced-matrix composite structural 
links of rectangular cross section optimizes 
the damped-elastodynamic performances 
of the links, making engineering compromis-
es among stiffness, strength, and damping 
of vibrations. The method is based on an in-
tegrated theory that correlates the damp-
ing in a link with the parameters of the lami-
nate material(s), the shape of the link, and 
the modal vibrations of the link. 
Fiber-reinforced composites have damp-
ing factors much higher than those of metals, 
high specific moduli of elasticity, and high 
specific strengths that make them suitable 
for the fabrication of stiff, strong, lightweight 
PILOT 
COATING 
SERVICES 
BRING YOUR DEVELOPMENT PROJECT TO 
THE INDUSTRY'S MOST ADVANCED 
PILOT COATING FACILITY. 
• Multiple coating methods 
• 12" to 32" web width 
• Class 1000 clean room 
• Advanced process controls 
• On-line measurement 
• Real-time data logging 
Discover the technical sophistication that 
has made Rexham the world's leading custom 
coater. Call toll free or fax for more information. 
REXHAM 
~D~JJJJJJJJJJJJJ
/ 
links. Links made of these composites are 
particularly desirable in robotic manipulators, 
for example, because they can minimize vi-
brational and static-load bending, which give 
rise to undesired positioning errors. Further-
more, the anisotropic elasticity and damp-
ing characteristics of a composite link can 
be tailored to meet specific design require-
INDUSTRIAL 
PO Box 368, Matthews, NC 28106 
TelBOO/736-9171 Fax 7041845-4333 
The Dynamic Response of a Laminated Composite Link, includ-
ing the damping, is computed by finite-element analysis. For each 
vibrational mode, the damping in the entire link is found by integrat-
ing the local damping over the whole link. 
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ments by selection of the fiber and matrix 
materials, the I,{llume fractions of these ma-
terials, and the thicknesses, angles, and 
stacking sequence of the plies. 
In the integrated theory, the damping in 
a composite link is computed by synthesis 
from the damping properties of each ma-
terial component. First, a simplified theory 
of micromechanics is used to calculate 
the hysteretic on-axis damping. Then the 
damping capacities of on-axis plies subject-
ed to off-axis loading (or, equivalently, off-
axis plies subjected to on-axis loading) are 
calculated. Next, the local damping capaci-
ty throughout the entire thickness of the 
laminate is formulated. 
The local damping provides rough esti-
mates of the damping in the entire link. How-
ever, a typical practical link would exhibit 
more complicated and coupled deforma-
tions, and its damping capacity would be 
the integrated contribution of local damp-
ing over the whole volume at a particular 
deformation shape. Inasmuch as the elasto-
dynamic response of any structure is a linear 
combination of individual vibrational modes, 
structural damping associated with each 
mode would provide a useful measure of 
the overall damping capacity of the link. Ac-
cordingly, the global damping capacity of 
the link structure for a particular mode 
shape, called the " structural modal damp-
ing," is computed for that shape by in-
tegrating the damping over the whole link 
via a finite-triangular-plate-element discreti-
zation (see figure). This approach enables 
the selective minimization of vibrations in 
specific modes, with ply angles and vol-
umes of fibers tailored to obtain optimal 
combinations of damping stiffness. 
The method was tested by simulating the 
dynamic responses of links of various de-
signs via a finite-element analysis, using the 
same triangular-plate elements as those 
used to compute the structural modal damp-
ing. These simulations illustrate the effects of 
ply angles, multiple angle-ply sublaminates, 
and fiber-I,{llume fractions on the optimal 
designs. These case studies led to the follow-
ing conclusions: 
1. The resultant optimal laminate configura-
tions and composite material systems sig-
nificantly improved the damping of bend-
ing modes by factors of 5 with respect to 
a reference unidirectional-fiber design, 
while the undamped dynamic amplitudes 
were degraded by factors of only 1.5. 
There were wide margins for compro-
mises among damping, static stiffness, 
and dynamic stiffness without changing 
the shapes and, consequently, the masses 
of the links. 
2. Ply angles were the most critical deSign 
parameters. 
3. Laminates with single or multiple angle-
ply sublaminates yielded optimal designs 
of comparable performance. 
4. The optimization of fiber-volume fractions 
resulted in small increases in the damp-
NARA Tech Briefs. June 1992 
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ing of bending modes. 
5. Dynamic properties associated with tor-
sional modes were sensitive to variations 
of the parameters of the materials. 
This work was done by D A. Saravanos 
and C. C. Chamis of Lewis Research Cen· 
ter. Further information may be found in 
NASA TM-102094 [N89-26912]. "Tailoring of 
Composite Unks for Optimal Damped E/as-
to-Dynamic Performance." 
Copies may be purchased [prepayment 
required] from the National Technical Infor-
Connector Mechanism Has Smaller Stroke 
mation Service, Springfield, Virginia 22161, 
Telephone No. (703) 487-4650. Rush orders 
may be placed for an extra fee by calling 
(800) 336-4700. 
LEW-15044 
An active connector advances toward a passive connector at double speed. 
Goddard Space Flight Center, Greenbelt, Maryland 
A system for connecting electrical and/ 
or fluid lines includes a mechanism that 
reduces the length of the stroke necessary stroke-reducing feature could enable con-
72 
to make or break the connections. This nection and disconnection in a confined 
LX Series is available with DC ranges from 0 to 1 kV through 
o to 125 kV, all from a 120 V single-phase input. Rated 1 kW at 
full voltage, the LX provides currents equivalent to a 2 kW 
supply up to 50% of rated voltage. Panel height is only 8.75 in. 
and weight less than 47 Ibs. 
• Constant voltage/constant current operation 
• Voltage regulation better than 0.005% 
• Ripple less than 0.03% 
• Current regulation better than 0.05% 
• Positive, negative, or reversible polarity 
• Choice of analog, digital , or blank panel 
Call for full information on the LX Series, or other Glassman 
supplies, 1 kV to 500 kV, 15 W to 15 kW. 
Innovations in high voltage power supply technology. J. ~ 
~s~m~~~~I~o ~!~ !Ne~~s~!~~M~8!~C. ~ 
telephone (908) 534-9007. Also Glassman Europe, in the UK call (0256) 810808 
and in Asia, Glassman Japan (044) 877·4546. 
For More Information Circle No. 544 
space and could help to compensate for 
misalignment between connectors along 
the stroke axis. In addition, the system al-
lows for small angular and lateral misalign-
ments. Applications for this system might 
include such connections as those be-
tween modular electronic units, coupled 
vehicles, and hydraulic systems. 
The system (see figure) includes a pas-
sive member mounted on one of the units 
to be mated and an active member 
mounted on the other unit. The active and 
passive members include shell-type con-
nector-mounting subassemblies held by 
bushings that accommodate both small 
angular misalignments (rotations about the 
bushing axes) and small translational mis-
alignments (translations along the bushing 
axes). In mating, the two bushing axes are 
nominally perpendicular to each other and 
to the stroke axis. 
The connector-mounting subassembly 
in the active member includes an inner 
housing that is spring-loaded into nominal 
angular alignment. The activation cusp 
(the_ shell of the active connector) and a 
connector mount slide relative to each 
other along the stroke axis on linear bear-
ings in the inner housing. These sliding 
motions are coupled by a pai r of dual 
rack-and-pinion mechanisms such that 
when the activation cusp slides a given 
distance in one direction, the connector 
mount slides twice that distance in the 
opposite direction. 
In mating, the passive connector-mount-
ing subassembly is pushed into the activa-
tion cusp until the lower edge of its con-
nector shell makes contact with a shelflike 
edge inside the activation cusp. Thereafter, 
further pushing (downward in the figure) 
causes the activation cusp to move down-
ward and, via the rack-and-pinion cou-
pling, causes the active connector mount 
to move upward at twice the speed of the 
downward push. Thus, the connector in 
the passive member (shown in dotted 
lines) is pushed upward to mate with the 
connector (hidden in the figure) in the 
passive member, the speed of relative 
motion between the two connectors along 
NASA Tech Briefs. June 1992 
Bushing 
(One 0' Two) 
(One 
Stroke Axis 
Springs 
Passive 
Member 
Connector 
connector 
Mount 
SIMPLIFIED VIEW OF SPRING PRELOAD BETWEEN 
CONNECTOR AND CONNECTOR MOUNT 
The Connector in the Active Member moves upward at twice the 
speed of the downward stroke of the passive member. Thus, the 
stroke is effectively amplified within the confines of the connector 
system. 
the stroke axis being twice the speed of the applied stroke. 
The system does not accommodate misalignment in 
rotation about the stroke axis. However, it is intended to 
be used in conjunction with devices that provide align-
ment in this degree of freedom before the mating stroke 
begins. To accommodate residual misalignments in rota-
tion about the other two axes, the connector in the active 
member is spring-loaded into nominal alignment on the 
connector mount with a preload that exceeds the normal 
mating force by a small amount. If the connector is so 
damaged that it cannot mate, this feature allows the 
connector to be pushed out of the way so that at least 
structural mating can occur. 
This work was done by M. Bruce Milam of Goddard 
Space Flight Center. For further information, Circle 5 on 
the TSP Request Card. 
This invention is owned by NASA, and a patent appli-
cation has been filed. Inquiries concerning nonexclusive 
or exclusive license for its commercial development should 
be addressed to the Patent Counsel, Goddard Space 
Flight Center (see page 18). Refer to GSC-13220. 
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EDAK cases provide cost-effective protection for 
transportable electronics, in transit and in operation, 
EDAK cases offer the ruggedized solutions you re-
quire - MIL-spec reliability, shock Isolation, EMI 
shielding, custom cooling and custom storage. EDAK 
also offers off-the-shelf standards (ask for STANEX) 
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Books and Reports 
These reports. studies. handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's) when a Request Card number 
IS cited; otherwise they are available from the 
National Technical Information Service 
Vibration Testing of Trusses 
by Use of Active Members 
Active members are used to 
excite test vibrations. 
A report describes experiments that 
were conducted to determine whether, in 
vibration tests of a truss structure, active 
structural members could be used to ex-
cite test vibrations that yield accurate data 
on the vibrational modes of the structure. 
An active structural member is one that 
includes an integral force actuator and 
strain sensor (usually in the form of a 
piezoelectric transducer). Such a member 
acts like an ordinary structural member in 
that it carries structural loads in the usual 
way, but in addition, it can be used to 
measure loads and to apply forces to 
counteract undesi red vibrations. The use 
of active members in conjunction with 
electronic control systems to suppress 
vibrations in large, flexible structures is a 
subject of continuing research. 
In vibration testing of a structure, one 
seeks to identify its vibrational modes and 
the parameters (frequencies, phases, 
damping ratios, relative amplitudes at 
various positions) of those modes. If the 
structure is sufficiently small, it can usually 
be tested in a laboratory by use of exter-
nal actuators. However, if the structure is 
too large to be tested in a laboratory, if tne 
vibrational modes that one seeks to sup-
press are not known accurately or change 
during use or operation of the structure, 
if external actuators distort the vibrational 
"" Compact & Simple Design 
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modes excessively, or if external actuators 
cannot be used for any other reason, then 
the active members may be the best or 
only actuators available. 
The experiments were conducted on a 
six-bay vertical truss structure about 6 ft 
(1 .8 m) tall cantilevered at its lower end 
from a heavy block. Weights were attached 
to the structure near the middle and at the 
upper end. '!Wo longitudinal members and 
one diagonal member near the lower end 
were piezoelectric active members. The 
truss was instrumented with accelerom-
eters for measurement of the shapes of 
the vibrational modes. In addition, load-cell 
and displacement measurements were 
made at the active members. Sinusoidal 
vibrations were excited at various frequen-
cies, and accelerational responses meas-
ured in the steady state to obtain data that 
were then used to compute vibrational-
response spectra. Several experiments 
were conducted. In the first experiment, 
the excitations were applied by an exter-
nal electromecilanical shaker. In the fol-
lowing experiments, the excitations were 
applied via one active member at a time. 
A curve-fitting computer program was 
used to extract the frequencies, damping 
parameters, and shapes of the vibrational 
modes from the vibrational-response spec-
tra. A total of 10 global modes and 3 local 
modes were obtained. The results indicate 
that the accuracies of modal parameters 
obtained from active-member-excitation 
tests equal or exceed those obtained from 
external-excitation tests. 
This work was done by Jay Chung Chen 
and James L. Fanson of Caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, "System Iden-
tification Test Using Active Members," Cir-
cle 75 on the TSP Request Card. 
NPO-18065 
Influence of Free· 
Stream Turbulence 
on Boundary Layers 
A mild adverse pressure 
gradient can enhance mixing. 
A report describes an experimental 
study of the influence of nearly isotropic 
free-stream turbulence on the shape fac-
tors and skin-friction coefficients of tur-
bulent boundary layers that have mild or 
zero adverse pressure gradients. Turbulent 
boundary-layer flows of this type occur 
around blades in turbomachinery, airfoils 
downstream of propellers or canards, and 
other objects of importance in engineer-
ing. This study was motivated in large part 
by the fact that, generally, the most critical 
stage for the development of a boundary 
layer occurs when it is exposed to a de-
celerating external free-stream flow and a 
corresponding adverse pressure gradient. 
When the free-stream turbulence is small , 
an adverse pressure gradient can weaken 
the boundary layer (as indicated by an 
increase in the shape factor, H), leading 
eventually to separation of the flow and 
a corresponding loss of pressure if the 
flow is internal, or a loss of lift and increase 
in drag if the flow is external. 
In the experiments, a flat plate on which 
boundary layers were to be formed was 
placed in a wind tunnel. Rods were placed 
upstream of the plate to generate free-
stream turbulence in the wind-tunnel flow. 
To obtain zero and various small adverse 
gradients of static pressure, the angle of 
incidence of the plate was set at angles 
of 0°, 2.6°, and 5.2°. Static-pressure taps 
were equally spaced along the centerline 
of the plate. Velocities near the surface of 
the plate at various positions along lines 
perpendicular to the surface were meas-
ured by total-pressure probes. The veloci-
ty and the intensity of turbulence of the 
free stream were measured with hot-wire 
anemometers. 
Traditionally, adverse pressure gradients 
have been considered to weaken bound-
ary layers and eventually lead to sepa-
rations of flow. This traditional view is 
correct for boundary layers with low free-
stream turbulence. However, the results of 
the experiments in this study show that in 
a turbulent boundary layer under stronger 
external free-stream turbulence, improved 
mixing and more effective transmission 
of momentum from the free stream to the 
boundary layer occur when a mild adverse 
gradient of pressure exists, relative to the 
zero-pressure-gradient case with the same 
values of the total intensity and integral 
length scale of the turbulence in the free 
stream. The shape factor of the boundary 
layer was found to remain constant, with-
in the limits of the uncertainty of the data, 
with increasing Reynolds number based 
on the momentum thickness of the bound-
ary layer. 
Two fluid mechanisms were concluded 
to be responsible for the improved mixing 
and corresponding stronger boundary 
layers with lower shape factors. 
1. A reduction of the ratio (Ax/o) of the 
integral scale (Ax) of free-stream turbu-
lence to the thickness (o) of the boundary 
layer generally occurs in the presence of 
an adverse gradient of pressure. This re-
duction in Ax/o is due primarily to the 
natural increase in 0 that occurs as an 
adverse gradient of pressure increases 
from zero. 
2. Vortex stretching of the turbulent eddies 
in the free stream occurs in the presence 
of an adverse gradient of pressure, re-
sulting in a higher vorticity and a corre-
sponding augmentation of mixing. 
Both of these mechanisms act to improve 
the transmission of momentum from the free 
stream to the boundary layer. 
NASA Tech Briefs, June 1992 
This work was done by J. A. Hoffmann, 
S. M. Kassir, and S. M. Larwood of Califor-
nia Polytechnic State University for Ames 
Research Center. Further information may 
be found in NASA CR-177520[N89-22045], 
"The Influence of Free-Stream Turbulence 
on Turbulent Boundary Layers with Mild 
Adverse Pressure Gradients." 
Copies may be purchased [prepayment 
required] from the National Technicallnfor-
mation Service, Springfield, Virginia 22161, 
Telephone No. (703) 487-4650. Rush Qrders 
may be placed for an extra fee by calling 
(800) 336-4700. ARC-12397 
Proof Testing of 
Stainless-Steel Bolts 
Calculations and experiments 
increase confidence in 
nondestructive proof tests. 
A report describes a study directed 
toward the development of a method for 
nondestructive proof testing of bolts made 
of A286 stainless steel. The approach taken 
in this study is based partly on the fracture-
mechanics concept that the higher the 
proof load a bolt survives, the smaller is 
the largest flaw in the bolt and, therefore, 
the longer will be its demonstrated cyclic 
fatigue life after the proof test. More specif-
ically, the fatigue life of interest is that of a 
bolt that contains a flaw of such a size that 
the bolt just barely survives the proof test. 
In the experimental part of the study, 
bolts of various sizes were notched by 
electrical-discharge machining and fatigue-
precracked at the notches to obtain flaws 
of known size. The precracked bolts were 
subjected to tensile proof tests by stretch-
ing them to various large fractions of their 
tested ultimate tensile strengths. The re-
sults of these tensile tests were analyzed 
to determine critical flaw sizes at proof test 
loads. The bolts that survived the proof 
tests were subjected to tensile cyclic fa-
tigue tests until they failed. 
The numerical results of these tests 
were analyzed in terms of a hypothesized 
equation that expresses various power-law 
proportionalities describing the fatigue life 
of a proof-tested bolt, the size of the bolt, 
the mean stress and the range of alter-
nating stresses in the cyclic fatigue test, 
the proof stress, and the ultimate tensile 
strength of the bolt material. This equa-
tion was obtained by applying the multiple-
regression method to the fatigue lives 
computed by the NASA/FLAGRO com-
puter program while varying one parame-
ter at a time. 
The conclusions drawn in the study are 
summarized as follows: 
• Bolts can be qualified by proof testing at 
0.75 x [(average ultimate tensile strength 
minus one standard deviation) determined 
in prior tests]. 
• The hypothesized equation appears to be 
NASA Tech Briefs June 1992 
valid according to the limited test data 
available thus far. 
but variations among bolts made from dif-
ferent heats are large. 
• Given the same test conditions, stronger 
bolts have longer demonstrated fatigue 
lives. 
• Of all of the parameters of the tests, the 
proof load affects the fatigue life most 
strongly. Bolts tested at greater loads 
have longer demonstrated fatigue lives. 
• The assumption that the ratio between 
the proof load and the plastic-collapse 
load is constant, which assumption is in-
voked in interpreting the results of tests 
to determine critical flaw sizes, appears 
to be reasonable. 
• The range of altemating stress in a fatigue 
test strongly affects the fatigue life, while 
the mean stress has a minor effect. 
• Given the same test conditions and loads 
scaled according to cross-sectional areas, 
larger bolts have shorter fatigue lives. 
• Variations in fatigue lives of bolts made 
from the same heat of steel are small , 
This work was done by Cheng H. Hsieh, 
James A. Hendrickson, and Robert M. 
Bamford of Caltech for NASA's Jet Pro· 
pulsion Laboratory. To obtain a copy of 
the report, "Development of Methodology 
for Qualifying Safety Critical A286 Thread-
ed Fasteners," Circle 115 on the TSP Re-
quest Card. 
NPO-18318 
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76 Robotic Gripper With Books and Reports 
Force Control and Optical n A Segmented lon-
Sensors Propulsion Engine 
~ Robotic Gripper With Force Control and Optical Sensors 
The robot locates, measures, recognizes, and manipulates parts. 
Marshall Space Flight Center, Alabama 
A robotic gripper operates in several 
modes to locate, measure, recognize (in 
a primitive sense), and manipulate objects 
in an assembly-line setting. The gripper is 
a prototype subsystem of a robotic cell that 
is intended to handle geranium cuttings in 
a commercial greenhouse. The basic con-
cept and design of the gripper could be 
modified for handling other objects (e.g., 
rods or nuts), including sorting the objects 
according to size. The concept is also ap-
plicable to real-time measurement of the 
size of an expanding or contracting part 
gripped by a constant force and to meas-
urement of the size of a compliant part as 
a function of the applied gripping force. 
The gripper is mounted on an industrial 
robot. The robot poSitions the gripper at 
a fixed distance above the cutting to be 
processed. A vision system locates the 
cutting in the x-y plane lying on a conveyor 
belt (see figure). The robot uses fiber-optic 
sensors in the fingertips of the gripper to 
locate the cutting along the z axis. The 
gripper grasps the cutting under closed-
loop digital servo force control. The size 
(that is, the diameter of the stem) of the 
cutting is determined from the finger-po-
sition feedback, while the cutting is being 
grasped under force control. The robot 
transports the cutting to a scale for weigh-
ing, then to a trimming station, and finally 
to a potting station. In this manner, the cut-
tings are sorted according to weight, 
length, and diameter. 
The control subsystem includes a 32-bit 
minicomputer that processes the vision in-
formation and collects stem-grading data. 
The minicomputer communicates with the 
robot controller and the gripper-node con-
trol. The gripper-node control communi-
cates with the scale. The robot controller 
communicates with the gripper-node con-
troller via discrete input/output triggering 
of each of the gripper functions. 
The gripper subsystem includes a PC 
AT-compatible industrial computer, a grip-
per mechanism actuated by two dc ser-
vomotors and with an integral load cell , 
discrete input/output components, and two 
fiber-optic analog-output distance sensors. 
The computer includes a discrete input/ 
output-circuit card, an eight-channel an-
alog-to-digital converter circuit (A/D) card, 
76 
The Robotic Grip-
per prepares to 
grasp by closing part 
way in a position-
control mode, then 
closing the rest of 
the way in a force-
control mode once it 
senses initial force 
of contact with the 
object. Fiber-optic 
sensors in the finger-
tips help the robot 
and gripperto locate 
and identify the ob-
ject. 
z }-. 
Robot Arm 
a motor-control circuit card with A/D com-
ponents, two serial ports, and a 286 proc-
essor with coprocessor. 
A geranium cutting comprises a main 
stem and several petioles (tiny stems with 
leaves). The individual outputs from the 
fiber-optic sensors can be processed into 
an indication of whether a stem or a pet-
iole is coming into view as the gripper en-
counters the cutting. Consequently, the 
gripper can be commanded to grasp a 
stem but not a petiole. The axial center-
line of a stem can also be recognized from 
the outputs of the fiber-optic sensors. 
Upon the recognition of a centerline, the 
gripper Signals the robot, and the robot 
commands the gripper to close. 
The motor-control circuit card supplies 
the command signals to the amplifier that 
drives the gripper motors. This card can 
be operated as a position control with 
digital position feedback or as a force con-
trol with analog force feedback from the 
load cell mounted in the gripper. A micro-
processor is located on the motor-control 
card. Buffered command programs are 
downloaded from the computer to this 
card for independent execution by the card. 
Prior to a controlled-force closure, the 
-Motion 
of Fingers 
Gripper 
motor-control card controls the gripper in 
position-servo mode until a specified force 
threshold is sensed, indicating contact 
with the cutting. Thereafter, the position-
servo loop is opened, and the command 
Signal to the amplifier is calculated as the 
difference between the force setpoint and 
the force feedback from the load cell. This 
difference is multiplied by a programmable 
gain value, then pulse-width-modulated 
with programmable duty cycle of typical-
ly 20 percent. This technique provides in-
tegral stability to the force-control loop. 
This force-control loop is bidirectional in 
the sense that if the cutting expands be-
tween the fingertips, the ~;.Igers are made 
to separate, and if the cutting contracts, 
the fingers are made to approach each 
other. 
This work was done by James L. 
Montgomery of Martin Marietta Corp. for 
Marshall Space Flight Center. For fur-
ther information, Circle 114 on the TSP Re-
quest Card. 
Inquiries concerning rights for the com-
mercia/ use of this invention should be ad-
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18]. Refer 
to MFS-28537. 
NASA Tech Briefs, June 1992 
High-Clearance Six-Wheel Suspension ~g 
Linkages are above the wheels instead of at axle height. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
A multilevered suspension system for a 
wheeled vehicle gives the body of the vehi-
cle exceptionally high clearance from the 
ground and allows the wheels to be steered 
independently. The system was developed 
for a proposed robotic rover for the ex-
ploration of Mars but could readily be 
adapted to off-the-road recreational vehi-
cles, military scout vehicles, and robotic 
emergency vehicles. 
With the suspension linkages above the 
tops of the wheels instead of at axle height 
as in conventional suspensions, the new 
system enables the body to skim over ob-
stacles as high as a wheel (see Figure 1). 
With its levers and independently steered 
wheels, the system enables the vehicle to 
climb over many obstacles it could not 
otherwise clear. In particlular, the vehicle 
can climb steps 1 V2 wheel diameters high 
and cross gaps 1 % wheel diameters wide. 
On the front portion of the suspension 
shown in Figure 2, vertical links 1, 2, and 3 
ride on the axles of the wheels. Horizontal 
links 4 and 5 connect vertical link 1 to 
master bogie link 6 by pivoted joints. 
Figure 1. This Working Prototype of the high-suspension vehicle rides over a relatively large 
rock in this head-on view. 
NASA Tech Briefs, June 1992 
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Horizontal links 7 and 8 similarly connect 
vertical links 2 and 3 to the other end of 
master bogie link 6. The rear portion of the 
suspension is similar to the front portion. 
The body is mounted on a shaft between 
the left and right master bogies. 
To climb over an obstacle under the 
right front wheel , links 1, 4, 5, and 6 function 
as a four-bar pantograph so that the wheel 
can ride up and over the obstacle. Links 2, 
7,8, and 6 form a similar pantograph forthe 
middle wheel, as do links 3, 7, 8, and 6 for 
the rear wheel. The dimensions of the links 
determine the distribution of weight on the 
wheels. 
This INOrk was done by Donald B. Bickfer 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
149 on the TSP Request Card. 
NPO-17821 
Figure 2. Three Views of the right side of the 
vehicle show how links cooperate in moving 
over rough terrain . The top view shows the 
vehicle on level ground. The middle view 
shows the front wheel climbing an obstacle . 
The bottom view shows the front wheel de-
scending into a gulley. 
Books and Reports 
These reports, studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from the 
National Technical Information Service. 
A Segmented Ion· 
Propulsion Engine 
Several smaller ion sources 
may be combined to form 
large, high-power ion engines. 
A new design approach for high-power 
(100-kW class or greater) ion engines con-
ceptually divides a Single engine into a 
combination of smaller discharge cham-
bers integrated to operate as a single large 
engine. This segmented ion-thrustor design 
approach enables the immediate develop-
ment of 100-kW-ciass argon-ion engines for 
operation at a specific impulse of 100,000 
m/s. Several such segmented ion engines 
would be used on a cargo vehicle to travel 
between the Earth and Mars. 
A combination of six 30-cm-diameter 
ion chambers operating as a single engine 
can convert over 100 kW of electrical in-
put power to thrust at an efficiency of 
greater than 70 percent using ion-thrustor 
components that exist today. Each of the 
six ion chambers would process one-sixth 
of the total input power and produce one-
sixth of the total 1.42 N thrust. The com-
bined six-chamber engine would operate 
from a single power-processor unit, which 
provides the currents and voltages re-
quired by the ion engine. 
The segmented ion-thrustor design may, 
in some sense, be considered as the third 
step in ion-engine evolution to higher power 
levels. The lowest-power ion sources are 
made with accelerator systems that con-
sist of a single aperture. Space-charge ef-
fects limit the total current that can be ex-
tracted from this Single aperture for a given 
applied voltage; typical power levels are 
tens of watts. The second generation of 
ion sources make use of multiple-aperture 
accelerator systems. The ion current per 
aperture is still limited by space-charge ef-
fects, but multiple apertures are used to 
increase the total ion current Significant-
ly. For multiple-aperture grid systems, the 
total current is limited by the achievable 
span-to-gap ratio (defined as the ratio be-
tween the ion-chamber diameter and the 
grid-to-grid separation) and by the max-
imum electric field that can be sustained 
between the grids. 
The third step makes use of a multiple-
grid-sets power engine. Span-to-gap and 
electric-field considerations still limit the 
ion current per grid set, but multiple-grid 
sets are used to increase the total ion-beam 
current significantly. This engine configura-
tion is somewhat analogous to a multicylin-
77 
der automobile engine. An a~emate analogy 
is that of segmented mirrors used in the 
development of large optical telescopes. 
Benefits of the segmented ion-thrustor 
design approach include reduction in the 
required accelerator system span-to-gap 
ratio for large-area engines, reduction in 
the required hollow-cathode emission cur-
rent, mitigation of the plasma-uniformity 
problem associated with the development 
of large-area ion engines, increased toler-
ance to accelerator system faults, and re-
duction in the vacuum-system pumping 
speed required for engine development 
testing. 
This work was done by John R. Brophy 
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of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a cop! of the report, 
"Segmented Ion Thruster," Circle 7 on 
the TSP Request Card. 
NPO-18192 
Internal Friction and 
Instabilities of Rotors 
Theoretical and experimental 
studies are described. 
A report describes a study of the effects 
of internal friction on the dynamics of 
rotors. The study, prompted by concern 
over instabilities in the rotors of turbo-
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78 For More Information Circle No. 480 
machines, included a review of the 
literature, theoretical analYSis, and ex-
periments. The instability and internal-
friction problems arise together because 
a typical rotor is built of several parts that 
are shrink- and/or press-fit together; these 
parts can slide upon each other when the 
rotor operates at a speed and/or load great 
enough to excite bending-mode vibrations. 
The theoretical part of this study in-
volved the development of nonlinear 
mathematical models of internal friction in 
three types of joints commonly found in 
modern high-speed turbomachinery-
axial splines, Curvic™ splines, and inter-
ference fits between smooth cylindrical 
surfaces. The effects of speed, stiffnesses 
of bearings and jOints, external damping, 
torque, and coefficient of friction in the joint 
were evaluated. It was shown that a rotor 
that turns at a speed above a critical speed 
for bending exhibits unstable subsynchro-
nous (at a frequency less than that of rota-
tion) vibrations at the first natural bending-
mode vibrational frequency of the rotor. 
The experimental part of the study in-
cluded (1) traction tests to determine the 
coefficients of friction of various rotor 
alloys at various temperatures, with and 
without lubrication, and with various sur-
face finishes; (2) bending-mode-vibration 
tests of shafts equipped with axial-spline, 
CurvicTM..spline, and interference-fit joints; 
and (3) rotordynamic tests of shafts with 
axial-spline and interference-fit joints. Un-
der conditions similar to those in the tur-
bopumps in the main engine of the Space 
Shuttle, the coefficients of friction were ap-
proximately 0.2 in the presence of lubrica-
tion and 0.8 in the absence of lubrication. 
The damping measured in the vibration 
tests increased with vibration amplitude 
in a manner that was not representative 
of either a linear-damper or a coulomb-
friction mathematical model. 
Rotordynamic tests of an axial-spline 
joint under 5,000 Ib-in. (565 N-m) of static 
torque revealed an extremely severe in-
stability when the rotor was operated 
above its first bending-mode natural fre-
quency. The presence of this instability 
was predicted by nonlinear rotordynamic 
transient analysis, using one of the non-
linear mathematical models of internal fric-
tion mentioned above. The corresponding 
rotordynamic test of a shaft with an in-
terference-fit jOint revealed subsynchro-
nous vibrations at the first natural frequen-
cy. The subsynchronous vibrations were 
bounded and significantly smaller than 
synchronous vibrations were. 
This work was done by J. Walton, A. 
Artiles, J. Lund, J. Oill, and E. Zorzi of Mar· 
shall Space Flight Center. To obtain a 
copy of the report, "Internal Rotor Friction 
Instability," Circle 121 on the TSP Request 
Card. 
MFS-27246 
NASA Tech Briefs, June 1992 
Fabrication Technology 
Hardware, Techniques, and Processes 
79 Rolling Stitch Welder for Foil 
79 Vapor Deposition of Metal From GaslTungsten Arc 
80 Shaving Ceramic Tiles to Final Dimensions 
Rolling Stitch Welder for Foil 
A handtool spotwelds foil without damaging it. 
Marshall Space Flight Center, Alabama 
A hand-operated rolling spotwelder ap-
plies brazing-alloy foil to parts before they 
are brazed in a furnace. The welder stitch-
welds the foil as an operator moves it over 
the foil. It attaches the foil faster and more 
consistently than a single-spot welding gun 
can. 
The welding wheel is spring-loaded on 
a roller frame (see figure). Grasping the 
welding unit by its handle, the operator 
presses the welding wheel against the film 
until insulated rollers make contact with 
the surface. Thereafter, the welding wheel 
applies a constant force against the foil. 
(The operator can adjust the spring force 
within a limited range.) 
The operator presses a switch on the 
handle to initiate the welding current at the 
desired locations. The weldfng current 
flows through the welding wheel, into the 
grounded foil. By thus making a series of 
approximately uniformly spaced spotwelds 
as the unit moves across the foil , the op-
erator "stitches" the foil to the underlying 
workpiece. When a series of spotwelds 
have been completed, but before lifting the 
unit from the foil, the operator releases the 
switch on the handle. This prevents arc-
ing between the wheel and the foil when 
the unit is lifted. 
on the TSP Request Card. 
Inquiries concerning rights for the com-
mercial use of this invention should be ad-
Insulated 
Roller 
dressed to the Patent Counsel. Marshall 
Space Flight Center [see page 18J.Refer 
to MFS-29740. 
This work was done by Jeffery L Gilbert 
and Gene E. Morgan of Rockwelllnterna-
tional Corp. for Marshall Space Flight 
Center. For further information, Circle 54 
An Internal Spring reacts against the roller frame, exerting a constant force on the 
welding wheel when the rollers make contact with the workpiece. The knurled nut 
on the wheel stem is for adjusting the pressure exerted by the spring. 
Vapor Deposition of Metal From Gas/Tungsten Arc 
A process derived from welding makes high-quality films. 
Marshall Space Flight Center, Alabama 
A vacuum gas/tungsten-arc vapor-de-
position process was discovered during an 
investigation of vacuum hollow electrode 
overlays for use in fabrication of compo-
nents of the main engine of the Space 
Shuttle. The process might be useful in 
making thin metallic coats that would serve 
as electrical conductors, radio reflectors 
or antenna elements, or optical mirrors of 
partial or ultrahigh reflectivity. The process 
might also be used in making semiconduc-
tor devices. 
The process yields highly reflective, 
NASA Tech Briefs. June 1992 
smooth films that reproduce almost per-
fectly the contours of the surfaces on 
which they are deposited. The rate of de-
poSition can be controlled precisely, and 
the surface texture can be varied, if de-
sired. The process is capable of deposi-
tion at rates double those of standard 
sputtering. 
In a demonstration of the process, the 
deposition arc was generated by using an 
Inco* 903 nickel-alloy wire to weld an Inco 
nickel-alloy workpiece. The vapor thus pro-
duced coated a Pyrex glass substrate with 
a thin alloy layer composed of 25 percent 
nickel and 75 percent chromium. (The com-
position of the deposited material is related 
to the vapor pressures of the melted ma-
terials.) The layer adhered strongly to the 
Pyrex substrate. 
*"Inco" is registered trademark of the Inco 
family of companies. 
This work was done by Jack L. Weeks 
and Richard M. Poorman of Rockwell 
International Corp. for Marshall Space 
Flight Center. No further documentation 
is available. MFS-29797 
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Shaving Ceramic Tiles to ~g 
Final Dimensions ... 
Guided by a template, a router makes 
precise, light cuts . 
John F. Kennedy Space Center, Florida 
The combination of a template and a routing tool are used 
to make precise, light cuts of ceramic tiles to final dimensions. 
Specifically, the template guides the router along precisely 
defined planes so that it accurately and uniformly shaves 
chamfers on the edges of the tiles. 
The template consists of a plate, which contains the guide 
groove, on a pair of irregularly shaped legs. Double-backed 
adhesive tape is used to bond the legs to the assembly that 
includes the tile to be machined (see figure). The routing tool, 
which includes an air-powered rotating bit, is inserted in the 
groove and moved along the edge of the tile . The cutting tool 
removes ceramic material from the edge of the tile in a clean, 
accurate chamfer. 
The particular tooling combination was designed to correct 
tile-bonding errors on the main landing gear doors of the Space 
Shuttle. The combination makes it possible to adjust dimen-
sions of the tile finely so that it is unnecessary to remove and 
replace poorly fit tiles. This tooling concept could be adapted to 
the in-situ final machining of other nominally flat, narrow 
surfaces. 
This work was done by Ernest Shaw of Lockheed Space 
Operations Co. for Kennedy Space Center. For further infor-
mation, Circle 137 on the TSP Request Card. KSC-11439 
TIle 
Chamfer on 
Edge of Tile 
The Legs of the Template are 'temporarily bonded to the workpiece 
by double-backed adhesive tape. The legs and the main plate of the 
template are shown here in color for emphasis, but they can be made 
of a clear plastiC like poly(methyl methacrylate) or polycarbonate. 
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Mathematical Modeling of the Terrain Around a Robot 
The representation used for control would be separate9 from the representation provided by sensors. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
In a conceptual system for mathemati-
cal modeling of the terrain around an 
autonomous mobile robot, the represen-
tation of the terrain used by the motion-
controlling system of the robot would be 
separated from the representation (in ef-
fect, the map) of the terrain provided by 
terrain-mapping and terrain-sensing sys-
tems external and internal to the robot. 
This separate-representation concept 
would help take the motion-planning sys-
tem out from under the constraints that 
are imposed unintentionally but unavoid-
ably by the discrete spatial intervals of 
square terrain grid(s) (see Figure 1). The 
separation of the two representations 
would also allow the sensing and motion-
controlling systems to operate asynchron-
ously; this would facilitate the integration 
of new map and sensor data, as they be-
come available, into the planning of motions. 
The motioni>lanning representation INOUId 
be a symbolic representation of the spatial-
ly continuous environment of the robot. It 
would consist of a set of abstractions (e.g., 
slopes, roughnesses, locations and heights 
of obstacles, presence or absence of veg-
etation) that would be relevant to planning 
and controlling motions and that would be 
extracted from the map and sensor data 
referred to the square map grid(s) of the 
terrain in the vicinity of the robot. 
The data to be abstracted into the mo-
tion-planning representation would be 
taken from those squares of the terrain grid 
that lie within a "terrain port" - a round, 
rectangular, or otherwise-shaped area 
centered on the grid square that repre-
sents the current location of the robot. The 
abstractions would consist of quantitative 
and qualitative spatial features called 
"primitive" and "composite" features. 
Primitive spatial features (e.g., slopes or 
roughnesses) would be computed from 
the terrain data by use of filtering functions 
and would be bound to the terrain port. 
Composite spatial features would be con-
structed from primitive spatial features 
~ Spatial Features and Relationships Among Them 
PROCESSING 
ABSTRACT REPRESENTATION 
USED BY MOTION· 
CONTROLLING SYSTEM 
Ribbon 1 
:;: 
co 
Q; 
J: 
and/or from other less-abstract composite 
spatial features and would not be bound 
to the terrain port. One example of a com-
posite feature might be the best direction 
in which to escape in case of an emergency. 
Figure 2 illustrates in more detail how 
terrain-height data might be abstracted. 
First, these data could be sampled from 
the grid cells along ribbons of terrain that 
are oriented in various directions and that 
pass through the center of the terrain port. 
The data on height vs. position along each 
ribbon could then be processed in several 
different ways: the standard deviation of 
height could be computed to determine 
roughness, major changes in height could 
be taken as indications of obstacles, and 
a gradual change in height could indicate 
that the robot is located on a hillside. 
This vvork was done by Marc G. Slack 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir-
cle 41 on the TSP Request Card. 
NPO-18129 
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co 
iii 
J: 
Terrain 
f - -tT- Port 
Ribbon 3 
0 
----
Position Position 
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Figure 1. Detailed Map Data would flow from terrain grids via a 
terrain port (in effect , a sampling window) and be processed into a 
more abstract representation in terms of features useful in planning 
movements. 
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Figure 2. The Abstraction of the Map Data would involve the 
construction of primitive and composite features. 
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Hierarchical Pattern Classifi.er 
Spectral image data are simplified via recognition of patterns in them. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
An artificial neural network reduces the 
complexity of such multidimensional data 
as those produced by an imaging spec· 
trometer. The original intended application 
is the automatic identification of various 
minerals and rocks in a scene via recogni· 
tion of spectral reflectance patterns in the 
scene as it is portrayed in 300 spectral 
bands between wavelengths of 0.5 and 
2.5 Itm. The underlying concept is clearly 
applicable, in general, to pattern·classifi· 
cation problems in which there is a need 
to reduce the amount of computation nec-
essary to classify, identify, or match pat· 
terns to the desired degree of resolution. 
The spectral intensities in N spectral 
bands in a picture element or region of an 
image are regarded as input vectors. The 
classical method of matching such N-di-
mensional input data with a set of M 
known patterns is by taking the inner prod-
uct of each input vector with each of M 
normalized vectors in memory that repre-
sent the known patterns. The highest in-
ner product indicates the best match. An 
algorithm that implements this method 
is called a "matched filter." Because a 
matched filter serves, in effect, to test all 
known possibilities, it entails a large amount 
of computation. 
The purpose of the hierarchical pattern 
classifier is to reduce the number of com-
parisons between input and memory vec-
tors without reducing the detail of the final 
classification. This is done by dividing the 
classification process into a coarse-to-fine 
hierarchy (see Figure 1) that, in its simplest 
form, comprises a first "grouping" step 
and a second detailed classification step. 
In preparation for the grouping step, the 
memory vectors are collected into P 
groups, within each of which the memory 
vectors are closer to each other than to 
memory vectors in other groups. One 
memory vector is chosen to represent 
each group (this vector could be, for ex-
ample, an average of the vectors in the 
group). 
Then in the first step of the classifica-
tion process, an input vector is compared 
with each of the P representative vectors, 
and a base match is found. In the second 
step, the input vector is compared with all 
of the memory vectors in the group rep-
resented by the best match. Because no 
attempt is made to match the input vec-
tor with the memory vectors in the other 
groups, the amount of computation in the 
second step is considerably less than that 
of a classical matched filter. 
The amount of computation can be re-
duced further by combining the initial 
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Figure 1. The Coarse-to-Flne Hierarchy of the classification procedure reduces the 
number of computations to below that of a classical matched filter. 
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Figure 2. A Three-Layer Neural Network reduces the amount of computation further 
by reducing the number of vector dimensions in processing. 
grouping with a reduction in the dimen-
sionality of the vectors. The problem lies 
in determining which are the best dimen-
sions to retain to ensure reliable classifica-
tion. This problem is solved by implemen· 
ting the grouping step of the classification 
procedure as a fully connected feedfor-
ward neural network of three layers (see 
Figure 2) (Note that this network is not in-
tegrated into the final hierarchical pattern 
classifier but is used as an analytic tool 
to design the hierarchy). The number of 
nodes in the input layer equals the number 
of dimensions of an input vector. The mid-
dle (hidden) layer has fewer nodes. The 
number of nodes in the output layer equals 
the number of memory vectors or output 
classes, into one of which the input vec-
tor is to be classified. Each node in the 
input and hidden layers is connected to 
each node in the hidden and output layers, 
respectively, with a given connection weight. 
(The various connection weights typically 
differ from each other.) 
The processing of an input vector in-
volves setting a Signal at each hidden and 
output node equal to the weighted sum of 
signals from the input and hidden nodes, 
respectively. At each hidden and output 
node, a sigmoid function of the weighted 
sum is computed to drive the signal to-
ward 0 or 1. When the neural network is 
designed and trained properly, the signal 
at the output node of the appropriate class 
is 1, while at the output nodes of the other 
classes it is O. 
The connection weights are set by a 
training procedure. A set of known vectors 
that span the expected test space is put 
in, and connection weights are altered until 
the output signals representative of the ap-
propriate classes are obtained. During this 
training procedure, the nodes of the hid-
den layer often come to act as feature de-
tectors in that they select, from the N-
dimensional inputs, such fewer-<limension-
al features as maximums, minimums, and 
ratios between values, which are impor-
tant in distinguishing the desired classes. 
These features may then be used as in-
puts to a reduced-<limensionality classifier. 
This work was done by Gigi L Yates and 
Susan J. Eberlein of Caitech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 89 on the TSP Request 
Card. 
NPO-18168 
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Using Derivatives of Higher Order in Sensitivity Analysis 
Previous sensitivity analysis is extended to derivatives higher than first by a recursive method. 
Langley Research Center, Hampton, Virginia 
In design of engineering systems, there 
often arise such "what if" questions as 
"What will be the change of the payload 
of an aircraft if the aspect ratio of its wing 
is increased or decreased by 10 percent?" 
Answers to such questions are common· 
Iy sought by incrementing the pertinent 
variable and reevaluating the major in· 
volved analyses. These analyses are con· 
tributed by engineering disciplines that are 
usually coupled, as are the aerodynamics, 
structures, and performance, in the con· 
text of the above question. 
The "what if" questions can be answered 
exactly, without using the "increment-and-
reevaluate" approach and without finite dif-
ferencing of the system analysis, by use 
of sensitivity analysis to calculate the first 
derivatives of the behaviors of coupled 
systems with respect to design variables. 
Quite obviously, if the problem is strongly 
nonlinear, the efficiency of this methcx:lology 
can be improved by making derivatives of 
second and possibly higher order available 
to search algorithms. 
A new method extends the algorithm of 
a previous method to include the deriva-
tives of the second and higher orders, 
again, without finite differencing of the 
system analysis. The extension is effected 
by recursive application of the same im-
plicit function theorem that underlies the 
previous method. In the calculation of a 
mixed derivative of the N-th order with re-
spect to a particular variable, the recur-
sivity requires derivatives of the orders 
N -1 and lower with respect to the same 
variable as prerequisites. On the other 
hand, because of the recursivity, the equa-
tions share the same matrix, so that one 
must factor the matrix only once and can 
thereafter reuse the factored matrix when 
the equations are solved one after another. 
Each solution, then, requires only a back 
substitution, a task ideally suited to the 
modern vector and parallel-processor 
computers. The recursivity also becomes 
an advantage if there is only one variable 
with respect to which the derivatives are 
to be taken. It occurs in searching design 
space along a line defined by a search 
direction, an operation that is a part of 
many optimization algorithms. Accurate 
extrapolation based on derivatives of high-
er order may reduce the need for costly 
repetitions of the system analysis in such 
an operation by widening the limits of 
movement. 
This capability to quantify the effects of 
proposed changes in engineering designs 
can provide the basis for a mathematical 
model of design. It is useful in design cal-
NASA Tech Briefs, June 1992 
culations for almost any system, including 
structures, machines, and distribution net-
works. In addition, feedback control of 
processes can be improved by the inclu-
sion of derivative terms of higher order. 
alysis of Complex Coupled Systems to 
Second and Higher Order Derivatives." 
This work was done by Jaros/aw 
Sobieski of Langley Research Center. 
Further information may be found in NASA 
TM-l01587 [N89-25354], "Sensitivity An-
Copies may be purchased [prepayment 
required] from the National Technical In-
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
caJling (800) 336-4700. 
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FD/DAMA Scheme for Mobile/Satellite Communications 
The assigned spectrum would be utilized efficiently. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
The Integrated-Adaptive Mobile Access 
Protocol (I-AMAP) has been proposed to 
allocate communication channels to 
mobile- and base-station subscribers in the 
first-generation MSAT-X mobile/satellite 
communication network. I-AMAP is based 
on the concept of frequency-division/de-
rna.nd-assigned multiple access (FD/DAMA) 
in which, as its name suggests, the parti-
tion of the available spectrum is adapted 
to subscribers' demands for service. I-
AMAP accommodates two types of ser-
vice: closed-end, in which data are trans-
mitted as " packet" messages of finite 
duration; and open-end, in which a chan-
nel between two subscribers is maintained 
until relinquished by the subscribers, as 
in a conventional telephone connection. 
In the proposed first-generation MSAT-
X system, 7 MHz of uplink spectrum and 
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7 MHz of downlink spectrum are assumed. 
The uplink band is at 1.65 GHz, and the 
downlink is at 1.55 GHz. The system would 
include one or two geosynchronous relay 
satellites, each with antennas aimed to 
provide four partially overlapping beams 
that cover the continental United States. 
Because the two outermost beams would 
not overlap, they could use the same fre-
quencies. By use of a combination of steer-
able medium-gain antennas and different 
polarizations, ground stations could dis-
criminate between the two satellites, there-
by doubling the use of the same frequen-
cies. Each beam would contain 465 uplink 
and 465 downlink channels, each chan-
nel 5 kHz wide. The theoretical maximum 
spectral efficiency of the proposed system 
would be 1.28 bps/Hz in the one-satellite 
case or 2.56 ~ez in the two-satellite casr 
In I-AMAp, each subscriber would issue 
a request for open- or closed-end service 
to the network-management center. Re-
quests for service would be processed, and 
competing requests would be resolved ac-
cording to a channel-access protocol, 
which would be a random-access scheme 
called "modified Slotted ALOHA" or a free-
access tree algorithm that was described 
in "Connection Protocol for MobilEl'Satellite 
Communications" (NPO-17735), NASA 
Tech Briefs Vol. 14, No.6 (June 1990), page 
91 . The latter algorithm would provide 
greater throughput if traffic is moderate to 
heavy, as expected. Upon granting access 
to a subscriber, the network-management 
center would make and break connections 
according to a connection protocol and bill 
64,000 
U) 
~ 60,000 
=56,000 
o 
iii 52,000 
D 
E48,OOO 
i 46000 
co ' 
~4MIMMM 
36,000 
Total Traff ic: 0.02784 Erlang 
Average Message Delay < 4 s 
Voice Blocking Probability < 2% 
Theoretical Maximum Spectral 
Efficiency = 1.28 bps/Hz 
Channel Ailocation per Beam: 
[Number of Request Channels, 
Number of Data Channels, 
Number of VOice Channels[ 
N.2 N ~ 
Iii 
Co 1.1 D 
,:; 
1.0 ~ 
U 
0.9:: 
w 
0.8 ~ 
0.7l 
o 10 20 30 40 50 60 70 80 90 100 
Voice Traffic in ErlangfTotal Traffic 
in Erlang, Percent 
The Performance of the MSAT·X system 
using one version of [-AMAP was simulated 
by computer for the traffic conditions shown. 
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the subscriber according to the duration 
of use. 
For open-end service. the connection 
protocol would implement connection and 
disconnection procedures that resemble 
the corresponding procedures in conven-
tional telephone service. For closed-end 
service. the connection protocol would 
assign a packet message on a first-come-
first-served basis to whichever one of the 
available closed-end channels had the 
shortest backlog. The numbers of chan-
nels assigned to open- and closed-end 
service would be adjusted according to 
demand to satisfy the competing require-
ments to (1) maximize the number of sub-
scribers who can gain access to the net-
Books and Reports 
These reports studies handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSPs) when a Request Card number 
IS Cited , otherwise they are available from the 
National Technical Information Service 
Entropy-Based Bounds 
on Redundancies of 
Huffman Codes 
In practice, the redundancies 
of optimal prefix codes are 
often closer to 0 than to 1. 
A report presents an extension of the 
theory of the redundancy of a binary prefix 
code of the Huffman type. Recent devel-
opments in this field have yielded bounds 
on the redundancy of a Huffman code in 
terms of the probabilities of various com-
ponents in the source alphabet. The ex-
tension of the theory includes the deriva-
tion of a variety of bounds expressed in 
terms of the entropy of the source and the 
size of the alphabet. 
As used here. "prefix code" denotes a 
code in which variable-length code words 
are concatenated without intervening punc-
tuation or synchronization bits and are de-
coded on a first-in, first-out basis. In a Huff-
man code. the code words that represent 
more-frequently-occurring letters (or other 
components) of the source alphabet con-
tain fewer symbols than do the code words 
that represent less-frequently-occurring let-
ters. The analysis in the report applies to 
a discrete. memoryless source with a finite 
N-Ietter alphabet A = {a,. a2 .... aN} and 
an associated probability distribution {Pl ' 
P2 .... PN}' where P, ?;m~?; ••• PN' The re-
dundancy. r. of an optimal Huffman prefix 
code for A is defined by r = d-H(A) , 
where d is the average length of a code 
word in the code. and H(A) is the entropy 
of the source. 
Given the foregoing definitions. the main 
subject matter of the report can be charac-
terized as finding upper and lower bounds 
on r in terms of H(A) and N: 
NASA Tech BriefS. June 1992 
work and (2) minimize the delay between 
a subscriber's request for service and the 
completion of that service. 
The performance of the system with 1-
AMAP using the modified Slotted ALOHA 
protocol was simulated under represen-
tative traffic conditions (see figure). At 100-
percent voice traffic. the spectral efficien-
cy in the one-satellite case was found to be 
1.118 bps/Hz. which is 87 percent of the 
theoretical maximum for the proposed 
sysem. The performance is expected to 
be even better with the free-access tree 
algorithm. 
This work was done by Tsun-Yee Van. 
Charles C. Wang, Unjeng Cheng. William 
Rafferty, and Khaled I. Dessouky of Cal-
f,[H(A), N]5r5f2[H(A), N) 
and the problem is to find f, and f2 . The ' 
solution is approached by (1) citing previ-
ously known bounds on r that have been 
expressed in terms of P" (2) finding the 
bounds on P, in terms of H(A) and N, (3) 
finding the bounds on r, given the bounds 
on P" and (4) deriving the conditions on 
H(A) and N for which the bounds found 
in step (3) are valid. 
Numerical examples are given for N = 
5, 20, and 100. The numerical results are 
shown to confirm the observation that in 
practice, the redundancies of optimal pre-
fix codes are often closer to 0 than to 1 
bit. It is also shown that the redundancies 
of optimal prefix codes in which the " let-
ters" represent the intensities of picture 
elements in images tend to be low, thus 
confirming the success of efforts to com-
press image data. One of the interesting 
analytical results is that if H(A)/log2(N) 5 
0.18 + 0.68/log2(N), then r50.5 bit. 
This work was done by Padhraic J. 
Smyth of Caltech for NASA's Jet Propul· 
sion Laboratory. To obtain a copy of the 
report, "Entropy-Based Bounds on the 
Redundancy of Huffman Codes." Circle 
165 on the TSP Request Card. 
NPO-18324 
Potential Flows From 
Three-Dimensional 
Complex Variables 
Further study of the extension 
of complex variables beyond 
two dimensions is described. 
A report presents an investigation of sev-
eral functions of a three-dimensional com-
plex variable, with emphasis on the poten-
tial-flow fields that can be computed from 
these functions. The investigation is part 
of continuing research on the generaliza-
tion of the well-established two-dimensional 
tech for NASA's Jet Propulsion Labora-
tory. For further information, Circle 88 on 
the TSP Request Card. 
In accordance with Public Law 96-517. 
the contractor has elected to retain title 
to this invention. Inquiries concerning 
rights for its commercial use should be ad-
dressed to 
Edward Ansell 
Director of Patents and Licensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 
Refer to NPO-18130. volume and number 
of this NASA Tech Briefs issue. and the 
page number. 
complex analysis to three and more di-
mensions. Because of the proven utility of 
two-dimensional complex variables and 
functions thereof in the representation of 
two-dimensional potential flows, research-
ers are motivated to inquire whether three-
dimensional complex analysis can be as 
useful in describing and understanding 
three-dimensional flows. 
A short chapter reviews the theory of 
two-dimensional complex variables, with 
emphasis on those concepts that pertain 
to the computation of potential flows. The 
next chapter briefly reviews the theory of 
three-dimensional complex variables, em-
phasizing concepts that were used in the 
investigation. 
The main discussion is presented in the 
following chapter, under the self-explana-
tory title, "Functions of a Three-Dimension-
al Complex Variable With Corresponding 
Potential Flows." This chapter includes an 
introductory section and five other sec-
tions, each of which concentrates on a dif-
ferent function of the three-dimensional 
complex variable Z. (The functions cited 
are exp(Z), log(Z), ZY', Z- Y' , and Z-'.) 
Each section begins with an account of 
some basic properties of the function in 
question, emphasizing analogies between 
two- and three-dimensional complex analy-
sis. Next, expressions for the potentials 
and the components of velocities are de-
rived. Each section closes with a descrip-
tion of the three-dimensional flow field that 
corresponds to the function in question; 
the description includes pictures of the 
two- and three-dimensional streamlines of 
each flow field . 
This work was done by E. Dale Martin 
of Ames Research Center and Patrick 
H. Kelly and Ronald L. Panton of the 
University of Texas. To obtain a copy of the 
report, "Three-Dimensional Potential 
Flows From Functions of a 3-0 Complex 
Variable," Circle 61 on the TSP Request 
Card. 
ARC-12957 
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88 Compliant Walker 
89 Phenolic Foam for Hydroponics 
fff...~ Compliant Walker 
A mobile structure assumes partial to full body weight at the user's discretion. 
Goddard Space Flight Center, Greenbelt, Maryland 
A walker supports a person who has 
limited use of the legs and lower back. The 
walker enables the person to stand upright 
and to move forward, backward, and side-
ways with minimum load on the legs. It 
also enables the person to rest at will and 
take weight off the legs. 
The walker consists of a wheeled frame 
with a body harness connected compliant-
ly to side structures. The harness supports 
the wearer in an upright position when the 
wearer relaxes and takes weight off the 
lower extremities. 
In one of its forms, the frame comprises 
two open-sided halves, hinged together 
at the back (see figure). Four legs are 
equipped with casters. The harness in-
cludes a light rubber inner belt that en-
circles the wearer 's waist and/or rib cage. 
The harness is open at the front and is 
closed by a pin-and-eyelet fastener or Vel-
cro (or equivalent) hook-and·pile strips. The 
harness is attached to the frame by a pair 
of compliant assemblies that consist of 
short lengths of cable joined by blocks. 
The user simply enters the open walker, 
closes the harness and the frame, and pro-
ceeds to walk. The wearer can apply as 
much, or as little, weight to the legs as 
desired. For example, by applying 75 per-
cent of body weight to the walker and 25 
percent to the legs, a person in rehabili-
tative therapy can gradually rebuild the 
strength of the legs. The cables are strong 
enough to hold the user securely, yet flexi-
ble enough to allow swaying of the hips 
during walking. They even allow the wear-
er to bend over to set down an object or 
pick one up. 
An alternative version (also shown in the 
figure) includes upright side members on 
both sides of the wearer, supported by a 
U-shaped base, open at the front. Again, 
four casters support the base. The height 
of the side members can be adjusted by 
means of a series of holes and retaining 
pins to suit the wearer. The open front 
makes it easy for the user to carry some-
r - -r - --- Harness 
CLOSED- FRAME WALKER I I 
thing while walking. The user can also 
walk up flush to a counter or work surface. 
An alternative form of the body harness 
(not shown) includes a girdle that encircles 
the hips and buttocks and leg straps that 
extend from the front, through the crotch, 
to the back. The harness closes at the 
front with hook-and·pile strips. This version 
of the harness gives the wearer greater 
support around the hips and seat. 
This work was done by James J. Kerley 
of Goddard Space Flight Center and 
Wayne Eklund and Alan Crane of NSI, Inc. 
For further information, Circle 22 on the 
TSP Request Card. 
This invention is owned by NASA, and 
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[see page 18j. Refer to GSC-13348. 
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The Walker can include a closed or open frame. Either style supports the user whether walking or at rest. Cables comply with 
swaying of the hips, but take up the full weight of the body if necessary. 
88 NASA Tech Briefs, June 1992 
Phenolic Foam for Hydroponics 
Blocks of foam support abundant growth. 
NASA's Jet Propulsion Laboratory, Pasadena, California 
Phenolic foam has been found to be a 
good medium for growing plants hydro-
ponically. Lightweight bricks of phenolic 
foam hold water and nutrients while pro· 
viding mechanical support for roots. 
Each brick is covered (except for a hole 
for the stems) with a plastic sheet held by 
tape. Water and nutrients can be injected 
di rectly into the bricks. The proportions of 
water and nutrients can readily be adjust· 
ed for optimum growth. Plant roots grow 
in the space between the faces of the brick 
and the plastic sheet. 
Tomatoes, beans, peas, impatiens, be-
gonias, and other plants have been grown 
in bricks of various sizes, the smallest 
being 2 by 1 V2 by 9 in. (5.1 by 3.8 by 22.9 
cm). Tomato plants (see figure) grew to 5 V2 
ft (1.7 m) high, and each produced 40 to 
60 cherry tomatoes in 3V2 months. 
This work was done by Isaiah Y. Vagi! 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir-
cle 83 on the TSP Request Card. 
NPO·18319 
A Healthy Tomato Plant grows on a phenolic foam block in a pot lined with plastic sheet. 
The cells in the styrofoam hold nutrients and water for the plant roots. 
REAL-TIME AVTS FOR MISSILE SEEKERS" 
FIRE CONTROL PROPRIETARY ALGORITHMS 
TRACK TARGETS IN CLUTTER. OUTPERFORM 
EDGE, CENTROID, CDRRELATION TRACKING 
TECHNIQUES. ULTRA MINIATURE AND VME 
VERSIONS AVAILABLE. 
ISCAN ' 
125 CAMBRIDGEPARK DRIVE 
CAMBRIDGE. MA 02140 
TEL: 617-868-5353 
FAX: 617-868-9231 
For More Information Circle No. 447 
ELECTRICAL 
CON 
ADHESIVES 
Designed To Your 
Specifications 
• High conductivity 
• Thermal shock resistant 
• Durable. high streng th bonds 
• Water and chemical resistant 
• Convenient packaging 
• Long storage 
stab ility without 
refrigeration 
• Repairability 
N A_C::A TA~h Brie fs June 1992 For More Information Circle No. 444 89 
New on the Market 
Sony Component Products Co., De-
troit, MI, has unveiled a miniature 
color camera that contains all CCD 
imaging and control electronics in a 
small pen-style module ideal for a 
broad range of OEM vision appl ica-
tions. The XC-999 camera uses Sony's 
latest Hyper HADTM CCD technol-
ogy to provide horizontal resolution 
of 470 TV lines (768H by 494V pix-
els), I ight sensitivity down t04.5 Lux, 
I 
and a signal-to-noise ratio of better 
The Fuji Electric PHC Microjet Re- than 48 dB. It provides standard 
corder, the industry's first ink jet TSC or Y!C outm~t. . 
printing process recorder, is avail- For More InformatIOn Circle No. 796 
Photometrics, Tucson, AZ, has intro-
duced a cost-effective spectroscopic 
IRIS InventorT\1, an object-oriented 
3D toolkit relea ed by Silicon 
Graphics Inc., Mountain View, CA, 
incorporates the graphics program-
ming capabilities of IRIS Graphics 
Library'" for simplified application 
development. Its building blocks 
are ready-made and reu able "ob-
jects," or software modules that can 
be dropped into an application, 
reducing program development 
time by eliminating the need to 
write basic graphi cs code. 
For More Information Circle No. 776 
cooled CCD detection system called (--------------1 
the Spectra 9000. The system fea- The Epoch liB introduced by 
tures an innovative CCD detector Panametrics Inc., Waltham, MA, is a 
and compact liquid nitrogen dewar. completely digital ultrasonic flaw 
Configured as an array of 1 024 x 256 detector for precise and repeatable 
detectors, the Spectra 9000 produces cal ibration, documentation, and 
virtually zero dark current. The CCD therma l drift elimination . Compact, 
readout register is positioned on the lightweight, and simple to use, the 
long axis of the chip to enable paral- Epoch liB features direct on-screen 
lei on-chip binning. display of thickness and soundpath 
For More Information Circle No. 786 data, and 10 stored transducer ca li -
f--------------1 brations. An RS-232C port allows 
interfacing to printers, computers, 
and external data logger . 
For More Information Circle No. 784 
able from Total Temperature Instru-
mentation Inc., Williston, VT. Pens 
are replaced by an innovative ink jet 
head and tiny piezo elements elec-
tronically dispense .3-mm-diameter 
dots of colored ink on 100 mm chart 
paper for sharp, vibrant noncontact 
printing. The PHC recorder is avai l-
able in three-and six-channel con-
figurations, has an accuracy rating 
of 0.15% of measuring range, and f--- -----------I 
an ana log trace accu racy of .25% Massteck, Littleton,MA,hasreleased 
of recording range. MaxEDS, a Windows-based printed 
For More Information Circle No. 800 circuit board design system that in-
The BL series of cylindrical-style 
servo motors from Infranor Inc. , 
Naugatuck, CT, featu res rare earth 
magnets, lightweight rotors w ith ac-
celeration to 93,000 radians/sec2, 
speeds to 8000 RPM, and output 
torques to 400 in-Ibs continuous. A 
unique magnetic design allows the 
motors to handle up to eight times 
overcurrent withou t demagnetiza-
tion. They are offered in either si-
nusoidal or trapezoidal configura-
tions wi th integral resolvers or Hall-
effect devices with brush less tachs. 
For More Information Circle No. 790 
f--------------1 cludesschematic capture, autoplace-
Th e lates t version of Timing- ment, autorouting, and PCB design 
DesignerTM released by Chronology software. MaxEDS operates on both 
Corp., Redmond, VA, is the first tim- UN IX and DOS platforms and fea-
ing analysis software available on tures a unique capability to auto-
U IX workstations. The package matically update engineering 
enables engineers to accurately changes from the schematic to the 
model and analyze the worst case PCB design. The system also offers 
time of complex digital circu its by ful ly-interactive autoplacement The first miniature fiber optic spec-
tightly linking an interactive timing and autorouting, on-line design rule trometer is available from Ocean 
diagram ed itor with a custom timing checking, and multiple technology Optics Inc. , Dunedin, FL. Called the 
spreadsheet. TimingDesignercan be support. S1000, it offers low-cost, high-per-
d t t d d'f I For More Information Circle No. 782 use 0 en er an mo I y comp ex formance spectroscopy for real-t ime 
timing diagrams, ca lculate crit ical fJJJJJJJJJJ~JJJJl process contro l, chemica l ana lysis, 
timing margins, observe glitch A handheld instrument that quickly medical diagnostics, and envi ron-
causes and automatl'cal ly gener and accurately calibrates most pres-
,- mental monitoring. The Sl OOO's in-
ate tl'ml'ng documentatl'on sure-, flow-, and vacuum-type pro-
. novative optica l design permits use 
F M I f t· C' I N 798 duct ion leak detectors is available or ore norma Ion IrC e o. of single optical fibers instead of 
from InterTech Development Co., bund les. A highly sensitive CCD 
Skokie, IL. Sma ll , lightweight, and detector provides 250 or 500 nm 
rugged, the new CM-15 CalMaster 
System developers can embed X-
Window and FSwiththeE-VENIX/ 
386 UNIX operating system from 
VenturCon Inc., Cambridge, MA, to 
create a new generation of flexibl e, 
user-friendly embedded computer 
systems. The simple user interface 
allows complex operations to be 
executed easily by highlighting 
graphics. In addition to file sharing, 
embedded UNIX sy~tems can now 
execute remote downloading, remote 
ba kup, and remote debugging. 
For More Information Circll' No. 774 
90 
requires no operator judgement, and spectra l ranges, depending on 
choice of holographic gratings, with provides leakage readings to .01 
SCCM traceable to 1ST standards spectra l resolution of 1 nm. 
For More Information Circle No. 794 1----- - ----------1 over a range of 0-20 SCCM. 
For More Information Circle No. 788 fJJJJJJJJJJ_~~.l Laser Diode Inc., Edison, NJ. has 
Keller PSI, Oceanside, CA, uses a developed a digital fiber optic laser 
propri etary ASIC known as transmitter for use in high-speed 
PROGRES to manufacture its series single-modetelecommunicationsys-
20 and 21 pressure transducers. tems such as SO ET and SDH, and 
PROGRES provides regulated exci- high-performancedatacommunica-
tation, zero trim, span scaling, out- tions applications. The small model 
put signal conditioning, and tem- TL-lllOtransmitterutilizesaswitch-
perature compensation fo r produc- ing regulator that consumes half the 
I ion of low-cos t, high I y-i nter- power of conventional cooler drive 
changeable transducers . They fea- ci rcuits while retaining full 40" C 
ture micro-machined piezore istive cooling capacity. The TL-11 00 in-
silicon sensors in a welded package corporates a single-mode coupled 
devoid of O-rings. Series 20 sub- laserdiodeoperatingat 1310nmor 
assemblies yield 500 mv output lev- 1550 nm and accepts standard ECL 
els, while the series 21 transducers/ or PECL data inputs with single 
transmittersprovideO-5 orO-1 a VDC, power supply operation, ei ther +5 
or 4-20 mA cu rrent loop output. or -5.2 volts. 
For More Information Circle No. 778 For More Information Circle No. 792 
NASA Tech Briefs, June 1992 
A PC database detailing the struc-
tural, thermochemical , and physical 
properties of over 10,000 solid, liq-
uid, and gaseous compounds isavail-
able from ES Microware, Hamilton, 
OH. Both organic and inorganic 
compounds are covered, and over 
1000 temperature-composition 
phase diagrams for metal, oxide, 
and halide systems are included. 
Properties are displayed in a spread-
sheet format that allows calcu lation 
of property values at user-selected 
temperatures. 
For More I nformation Circle No. 772 
An instructional video entitled "An 
Introduction to Intelligent Data 
Analysis" has been released by Sta-
tistical Sciences Inc., Seattle, WA. 
Thevideo illustrates howtoperform 
an interactive analysis of data using 
an object-oriented data analysis lan-
guage in conjunction with graphi-
cal displays. Also highlighted is 
dynamic 3D data visualization as 
well as survival analysis and tree-
based models. 
For More Information Circle No. 746 
Cole-Parmer Instru-
ment Co., Chicago, 
IL, is offering a free 
sample of Micro® 
cleaning solution, a 
liquid laboratory 
cleaner that con-
tains complexing 
and sequestering 
agents, a solubi I izer, 
and anionic and 
nonionicsurfaceac-
tive agents. The bio-
degradable Micro solution contains 
no phosphates and is safe for equip-
ment that contacts food or drugs. It 
can replace chromic acid and caus-
tics in removing lipids and proteins 
from glass, and does not leave resi-
dues that interfere with molecular 
techniques or cell cultures. 
For More Information Circle No. 754 
Matec Instruments Inc., Hopkinton, 
MA, has announced the Explorer 
9000, an advanced ultrasonic NOT 
flaw detector and workstation de-
signed to greatly enhance and sim-
plify flaw detection in all material 
types. The Explorer 9000 features 
three pulser types, an embedded 
80386 microcomputer, and a flip-up 
detachable screen and control inter-
face that displays all ultrasonic sig-
nals and system settings. . 
For More Information Circle No. 770 
The industry's first full-duplex 64-
state codec device designed for 
PTCM (Pragmatic Trellis Coded 
Modulation) is availab le from 
QUALCOMM Inc., San Diego, CA. 
The Q1875 Trellis Codec 84-pin in-
tegrated circuit provides up to 60 '---------------1 Parker Hannifin Corp., Rohnert Park, 
b rf d 3 b s/H r CA, has released motor-sizing soft-M ps pe ormance an p z Acro Technology, Rancho La Costa, ware for use on all IBM PCs and 
bandwidth efficiency. The device hid I . CA, as re ease Scica c IV, sClen- compatibles to help engineers select 
yields high data rates with improved tific calculator software for DOS I the appropriate motor for motion con-
bit-error-rate performance for power- I I 
computers containing near y 300 trol applications. The package cal-limited and bandwidth-limited digi- f . 
tal communication channels. unctions in an easy-to-use, menu- I culates load inertias and required 
For More Information Circle No. 766 driven environment. Functions range I torques, then graphs the results. It 
f---------- ----! from unit conversions and geomet- also generates application-specific 
HiQ, a comprehensive computa- ric formulas to matrix inversion and reports, including motion profiles and 
tional software program for Macin- eigenvalu~calculations. Poly.nomial I speed/torque curves based on user-
tosh computers, has been released solutions IIlclude root, derivative, provided information. 
by Bimillennium Corp., Los Gatos, and integral functions, while fast For More Information Circle No. 756 
CA. It allows users to pose, solve, Fourier transfomls are generalized to 1----------------1 
enable handling of complex numbers. The Accu-visua li ze, and present solutions to For More Information Circle No. 764 Setter micro-
complex engineering and scientific NJJJJJJJ~J~JJJJN 
problems in a single, intuitive envi- SPRINT OPTIMA, the new universal 
f-=EB=T::;E=C=C=o=r=p=.,=C=h=i=co=p=e=e=,=M=A=, =h=a::Os-1 ronment. HiQ is designed for solv- programmer developed by SMS 
installed a rapid-throughput shuttle ing both difficult stand-alone prob- North America Inc., Redmond, VA, 
lems and handling larger projects 
system that increases production ca- utilizes custom ASIC technology and 
pacity and reduces unit cost in the comprising numerous intercon- supports thousands ofPLDs, FPGAs, 
company's electron beam (EB) weld- ~~~~s~ ~~~b~~~~W~~W!tWWWp~ d~~~~ EPROMs, EEPROMs, and m icrocon-
ing services. The patented shuttle trollers up to and beyond 84 pins. 
array of engineering resources, in-
system incorporates an air lock that The compact design allows the 
cluding over 600 built-in functions, 
eliminates the need to evacuate and interactive 2D and 3D graphics, and pindriver's output to be adjacent to 
vent the main welding chamber af- an object-based architecture that au- the device's pin, eliminating the 
ler each weld. Benefits of EB weld- tomatically integrates any kind of groundbounce problems produced 
ing include high-intensity joints, con- engineering data. by older-generation programmers. 
trolled repeatability, low distortion, For More Information Circle No. 752 As a peripheral to a Pc, SPRINT 
and the abi lity to weld dissimilar f---------------i OPTIMA uses the available RAM, 
materials. CPU, and disk drives for high-perfor-
For More Information Circle No. 768 mance programm ing electronics 
Orion Instruments Inc., Menlo Park, 
CA, has developed the industry's 
fastest emulator, the 8800 Emulator/ 
Analyzer. With initial support for 
Motorola's 68000 and 68302, the 
PC-based 8800 supports zero wait-
state memory access times of less 
than 40 nanoseconds and bus cycle 
times of just 30 nanoseconds. The 
8800 also offers a Clip-On™ Emu la-
tion option that enables users to lit-
erally clip on to the target processor 
in the circuit and perform traditional 
emulation and analysis. 
For More Information Circle No. 750 
NASA Tech Briefs, June 1992 
Terfenol-D, a magnetostrictive al-
loy with the highest energy and dis-
placement of any transducer drive 
material, is now avaLlable with im-
proved performance from ETREMA 
Products Inc., Ames, IA. Used as a 
drive element in actuators and trans-
ducers, Terfenol-D features micro-
second response times; strains up to 
1500 microinches, 5-1 0 times greater 
than piezoceramics; high sample-
to-sample reproducibility for 
matched transducersets;and no limit 
on service life. 
For More Information Circle No. 760 
within the existing design environ-
ment. 
For More Information Circle No. 748 
processor-
based gaging 
column de-
ve loped by 
Edmunds 
Gages, Farm-
ington, CT, 
combines 
single-button 
operation and 
an alpha-nu-
mericdisplay 
for fast, accu-
rate measure-
ment of ma-
chined parts. Gaging function can 
be user-configured to display virtu-
ally any dimensional measurement 
including size, squareness, concen-
tricity, or taper. Interchangeable sig-
nal-conditioning modules help sim-
pi ify operations and reduce costs. 
For More Information Circle No. 762 
MV Products, North Billerica, MA, 
has designed a high-capacity mul-
tiple-stage vacuum filtration system 
that protects vacuum pumps from 
abrasive and corrosive chemicals. 
The MV Multi-Trap'" vacuum inlet 
trap easily connects to existing 
vacuum systems and pumps through 
large, low-resistance 50 mm NW 
flanges. Featuring a stainless steel 
first-stage shield to knock down 
heavy particles and condensables, 
the system incorporates separate 
second- and third-stage chambers, 
ea h containing five parallel, re-
placeable filter cartridge elements. 
For More Information Circle No. 758 
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Rugged Operator Interface 
~~~ #<f» For Industrial 
<JII~~" Applications 
• 4x20 supertwist LCD display: 
backlight. wide-temp optional. 
• 40- or 24-key tactile keypad. 
• Handheld or panel-mount version. 
• Keypads include a shift LED and 
row of user-programmable LEOs. 
• R5-232. R5-422. R5-423 or 5-volt 
serial communications interface. 
• Barcode wand interface ava ilable. 
• Low power: R5-422 version uses only 
12.2mA operating. 2.6mA with display off. 
• Every key programmable with its own un-
shifted. shifted & key release character/string. 
• Handheld RJ-l l jack exits top or bottom. 
• Two digital outputs & buzzer. programmable. 
• FREE! Custom labeling of company name. 
the user LED labels and top-row key legends. 
OSI 2212 South West Temple. #46 Satt Lake City. UT 84115· USA Telephone: 801-466-8770 
COR PO R AT ION (Fax: 801-466-8792) 
For More Information Circle No. 310 
"Human Touch" 
Telerobotics 
Controller 
PER-Force TM 
Handcontroller 
Simulate a sense of touch by reflection" 
to enhance efficiency and increase safety of 
remote operations in undersea, nuclear, space or 
hazardous environments. 
• Compact force-reflection on 6 axes 
• Cost effective general purpose controller 
interface supports dissimilar slave robots and 
virtual reality 
GBERNET Systems Corporation 
AI/Human Factors ·Telerobotics/lmaging 
Unmannned Ground Vehicles 
1919 Green Rd., Ann Arbor, MI48105 
TeI313/668-2567 Fax 313/668-8780 
For More Information Circle No. 332 
New literature 
A techn ical bulletin offered by 
Dynaloy Inc., Hanover, ], addresses 
the chemical removal of conformal 
coatings. Techniques are outlined 
for removal of polyurethane, silicone, 
acrylic, epoxy, Parylene, and UV-
cured conformal coatings from 
printed circuit boards and other sub-
strates. The bulletin also provides 
two full-page solvent guides listing 
Omega Engineering Inc., Stamford, recommended solvents and approxi-
CT, has released a new edition of the mate removal times . 
Omega Complete Handbook and For More Information Circle No. 712 
Encyclopedia. It includes six hard-
covervolumeson temperature, pres- A new line of all-metal vacuum 
sure, data acquisition, flow, pH, and seals that minimizes flange ma-
electric heaters, for a total of 4000 chining requirements and degas-
pages and over 45,000 products. sing is described in a design manual 
For More Information Circle No. 704 from VAT Inc., Woburn, MA. The 
I-------------j VATSEAL silver-plated copper seals 
A 48-page gu ide to DC stepping and 
AC synchronous motors for design 
engineers is available from Superior 
Electric, Bristol, CT, manufacturerof 
SLO-SYN® motors, contro ls, and 
drives. Topics addressed include ter-
minology, construction and opera-
tion, ratings and specifications, se-
lection, and applications. The DC 
stepper section covers such motor 
types as encoders and dampers, 
whi le the AC synchronous section 
describes performance and torque 
considerations for both standard and 
gearmotor models. 
For More Information Circle No. 708 
Fiber rom AMP Inc., 
Harrisburg, PA, are described in a 
l19-page catalog. The publication 
highlights board-mount light-emit-
ting diodes and PIN photodetectors, 
transmitters, receivers, switches, 
couplers, and multiplexers. It also 
includes an introduction to fiber op-
tics, a glossary, and information on 
technical documents and other sup-
porting literature. 
For More Information Circle No. 71 0 
can be fabricated in any shape for 
sealing steel, stainless steel, and 
aluminum flanges to leak rates less 
than 1 x 10·'0 Torr/ l/sec . 
For More Information Circle No. 714 
A 32-page cata log from Shimadzu 
Scientific Instruments Inc., Colum-
bia, MD, outlines the company's 
extensive line of chromatography, 
spectroscopy, environmental, and 
physical testing instrumentation. 
Featu red products include the LC-
lOA series H PLC system, PC-based 
chromatography data systems, inte-
grators, UV-visible and atomic ab-
sorption spectrophotometers, scan-
ning densitometers, thermal ana lyz-
ers, arc-spark emission spectrom-
eters, and tensi Ie testers. 
For More Information Circle No. 706 
Mechanical Dynamics Inc., Ann 
Arbor, MI, has published an over-
view of its ADAMS® (Automatic 
Dynamic AnalYSis of Mechan ica l 
Systems) software. Supported on PCs, 
workstations, and supercomputers, 
ADAMS performs kinematic, static, 
and dynamic analysis of mechani-
cal systems. The product line in-
cludes ADAMSNiew, an interac-
tive graphical user interface for 
analysis pre- and post-processing; 
ADAMS/ IGES, which enables the 
importation of CAD/CAE geometry; 
ADAMS/Vehicle, a suspension 
analysis and full-vehicle modeling 
option; and ADAMS/APS, a high-
speed animation post-processor. 
For More Information Circle No. 702 
NASA Tech Briefs, June 1992 
Say Good -bye To 
The Language Barrier. 
Breakdown 
A global computing event that unites , under one roof, 
today's connectivity experts for one targeted purpose - to 
pronounce that networking is the universal language of 
choice. 
NetWorld92 
The United Nations Of Networking 
NetWorld 92 is the talk of the connectivity industry. A 
cutting-edge exhibition of conferences and seminars where 
hardware and software developments are introduced, 
discussed and demonstrated. A conference that speaks the 
language of productivity and translates ideas into action. 
Whether you communicate over LANs, WANs or wireless 
networks , or operate over diverse operating systems , 
NetWorld 92 is your primary venue for innovative products 
and services. Converse in many languages with industry-
leading manufacturers and form a lasting connection that 
can translate into increased efficiency and sales. 
Educational Seminars 
A Universe Of Networking Possibilities 
NetWorld 92 presents an encyclopedic display of intensive 
educational conferences and hands-on educational 
seminars on internetworking. Digest state-of-the-art tech-
nologies and processes that can propel your present 
networking plans forward , allowing you to expand software 
applications into new environments. And learn an unlimited 
vocabulary that will place you at the forefront of future 
strategies. 
Improve Your Communication Skills 
Don't isolate yourself and your company within the confines 
of yesterday's network architecture. NetWorld 92 lets you 
open your lines of network communication , resulting in 
bottom-line benefits to your company. 
For add itional show information , contact Jod i Levine, 
Show Manager, at 201-346-1400 or Fax 201 -346-1602. 
kbTt~ RLD 92 Dallas 
The Universal Language 
October 13-15,1992 
Dallas Convention Center 
For More Information Circle No. 628 
Bruno Blenheim Inc .• ForI Lee E ecutive Park· One Executive Drive. ForI Lee, J 07024 • 201-346-1400 • 800-829-3976 • Fa,,: 201-346-1602 
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MARKETPLACE To Advertise-Call 
~JJ~~~JJJJJJJJJJJJJJJJJJJ. 
490-3999 
PC Bus Data Acquisition 
AD1200 only $359 
• 12-blt 125 kHz AID Convers ion 
• 16 Ana log Input Channels 
• 3 Timers and 16 010 Lines 
• Supports OMA and Pacer Clock 
• AT Bus Vers ion Available! 
AID, DI A, OJ,,,., 110 end Tlmer/Counte,.. for PC XT 
and AT computer •• 12·blt AlDr.t •• ,o 200 kHz ! · Eight 
board_ lor AMPRO form faclor CPU • • 110 VAC r./ay. 
aplo/aol.tlon, multiplexer and thermocouple boards 
• DSP and det. acqul.lflon software · Requ •• t your 
FREE BO page catalog today! 
n=fl=n::tIl Real Time Devices, Inc. U {.Y.JL./ State College, PA USA 
Tel.:B14/234-BOB7· FAX:B14/234-S21B 
SttoboecDpIc '--It tor HIOh SpMd 1rMg1ng" flow s~Non 
• Sing.shoIkl32.000pu .... f*secWondJeogtfretorfonlltM~dk 
_ \JIn1hOn pulMwIdItI-Fl'Ml_the ITIObOn 01111'1 aubjIct 
W =~W~~WW!Mkefoffhltldw.ocemetat 
W==~~=JJ.I.WWJ.W=~ 
~ tnducM: Spray ~ Ervn-lc:omcu..n...,.. tfrfd~"""DDDDDD 
irNI(IIYti::IcIrnWy,PMldetredung,Aow ..... 8alhticl.eigtltpMd~D~ 
For More Information Circle No. 319 
4 MEG VIDEO Model 10 
Flexible Image Processor and 
Application Accelerator For The PC/AT 
8 to 8000 Pixels per line 
2 to 19 MHz sampling/display rate 
10 MIPs Programmable Accelerator 
4 Megabytes of Reconfigurable Image Memory 
RS·170, RS·330, and CCIR inpuVoutput 
Variable timing for nonstandard formats 
Genlock to external timing sources 
Analog or digital inputs 
Software programmable timing/resolution 
<!i>E PI X· 
3005 MacArthur Blvd., Northbrook, Il60062 
708-498-4002 FAX: 708-498-4321 
For More Information Circle No. 675 
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Intelligent Data 
Acquisition 
II -
• 
- ['if,':..; - - I 
~ I 
- - J-I. l*IIIII.IIdIlU/J/IIWUJIU 
Microstar Laboratories Data Acquisition 
Processor™ has on-board intelligence: a 
real-time software environment for quick 
development and fast operation . It runs 
under ~lpI Windows, or OS/2. Learn about 
this new hardware and software solution 
from a leader in the field . Free color catalog 
includes an easy-to-use approach to OSP. 
Call now - 206-453-2345 . 
Microstar LaboratOries, Inc. 
2265 116th Avenue NE 
Bellevue, WA 98004 
Tel (206) 453·2345 
Fax (206) 453·3199 
MICROSTAR 
LABORATORIES-) 
For More Information Circle No. 451 
Get AutoCAT 
for only $495.00! 
Software for IDMTM or compatible 
computers to Automate Qomputer 
Aided Tests. 
• Performs production tests and lab 
measurements. 
• Interfaces with IEEE-488, RS 232 
devices. 
• Mouse, pull-down 
menus, on-line help. 
• No programming 
knowledge required. 
• IEEE board available 
for only $19500 
NEcsl 
4300-C Fortune Place • Melbourne, FL 32904 
Ph: (407) 676-9020 Fax: (407) 722-4499 
For More Information Circle No. 669 
Fuzzy logic 
• • MS Windows·based tool Cub.Calc for non·programmers 
Simulate system response using 
built·in expression interpreter or 
apply fuzzy rules to file data 
Plot results or log numerically 
CubiCalc RTC for programmers includes 
nun·time compiler and deployable modules 
Also available ... 
The OWL Neural Network library 
Hyperlogic Corporation 
1855 East Valley Parkway, Suite 210 
Escondido, California 92027 
Tel 619n 46·2765 Fax 619n 46-4089 
The fastest real time data acquisition and analysis 
systems for you r PC can be found in our FREE catalog . 
We feature 50,000 Hz th roughput to disk and display 
simu ltaneous ly , but seeing is be lieving. Order an 
Evaluation Kit, or call for complete information today. 
1-800-553-9006 
DA TAQ INSTRUMENTS, INC. 
150 Springside Drive , Suite 8220 
Akron , OH 44333 
Tel (216) 668·1444 Fax (216) 666·5434 
For More Information Circle No. 655 
Imagine a lightweight 
metal foil with a mesh· like, 
single·unit structure that 
eliminates the unraveling 
and contact resistance of 
woven mesh. 
JJ~JJJJJJJJJJJJJJJJJ
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MARKETPLACE To Advertise-Call (212) 490-3999 
pttt~DlStt 
The oil that 
creeps, 
... Plus silicone. 
SiliKroil creeps into 
millionth inch spaces, 
dissolves rust, lubricates 
and repels moisture. 
LOOSENS FROZEN METAL PARTS 
~ ~~. If you're not convinced "I~.g.l~Cj SiliKroil is superior, we will 
~~ refund your money. Send ~sl..Ws $5.00 for 1 aerosol can (SiliKroil) 
~ to Kano Laboratories. 
\'" Order Direct-not available in stores 
KAND LABORATORIES 
10580 Thompson Lane. Nashville. TN 37211 
Phone 615-833-4101 ' Fax 615-833-5790 
For More Information Circle No. 670 
SPlMFFS 
Credit where credit 
is due! 
Transferred/applied 
NASA technology 
to a commercial 
product? 
We would like to 
inform the public 
about it in our 
annual report 
Spinoff. 
For more details call : 
(410) 859-5300 Ext.242 . 
For More Information Circle No. 582 
VARISEAlll 
Spring-Energized Seals 
for Low and High Pressures 
• low friction, chemically inert 
Turcitee seal compounds 
• Vacuum to 30000+ PSI 
• -350 to +575°F 
• Standard, metric and custom sizes 
• Call 1-800-466-t 727 for information 
Ji..U American Variseal n"f P.o. Box 1479 
510 Burbank Street 
Broomfield, Colorado 80038 
Fax: 303-469-4874 
Full Line 
Precision Timing 
by 
· GPS 
• GOES 
· WWVB 
• OMEGA 
• DCF77 
• MSF 
TRUETIME 
• TRANSLATORS 
• GENERATORS 
• SYNC. GENERATORS 
• TAPE SEARCH 
• PlUG.IN CARDS 
• DISPLAYS 
3243 Sanla Rosa Avenue · Santa Rosa. CA 95407 
(?O7) 528·1230 • FAX 707·527·6640 • TELEX 176687 
1lue7ime 
For More Information Circle No. 394 
owertroniC Systems offers software 10 pre-
dict reliability. maintainability and FMECA 
Since 1982. hundreds of users have selected 
from our large. versatile. Integra led software 
family for military and Industrial equipment. 
electrical or mechanical Program hlghllghls 
Include VISible assembly hierarchy. defaults 
and library data. extensive report sorting. user 
defined reports. what-If and derating analYSIS. 
and concurrent engineering data links 
+ MIL-HDBK-217 + DTRC-90/010 
+ MIL-HDBK-472 + MIL-STD-1629 
+ MIL-HDBK-338 + MIL-STD-756B 
+ Bellcore + NPRD-91 
- &% PDWERTRDNIC 
~ -_ ii SYSTEMS, INC. 
13700 Chef Menteur Hwy 
New Orleans. LA 70129 
504-254-0383 + FAX. 504-254-0393 
For More Information Circle No. 401 
QUICKSURF. 
QuickSurf is a full function surface modeling 
system that operates totally inSide AutoCAD. 
Contours, grids, and triangulated irregular net-
works (TIN) are produced effortlessly. A suite of 
tools allows for the manipulation of the models 
resulting In high Quality finished maps Supple-
mental engineering calculations can perform the 
most demanding engineering tasks. 
Simply the fastest, most powerful DrM 
available. "Convertible demo" disc and 
manual, $15. 
SCHREIBER 
INSTRUMENTS. INC. 
~~ ~t8mv Canyon Rd 
Denver. CO B0237·1074 
BOO-252·1024 01 303-759-1024 
/ I I / I 
I ' 1/ / \ \ / \ / 
1 \ \\,\/'/ / j 
I \ I \ \ / I / 
FREE! 
130 
Page 
Catalog 
"Optics 
for 
Industry" 
Free 130 page product catalog from Rolyn, 
world's lalgest supplier of "Off-the-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod-
ucts and coatings in prototype or production 
quantities. ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707 
FAX (818)915-1379 
For More Information Circle No. 551 
REAL-TIME NETWORK 
The SCRAMNet Networkr .. combines the rea l-
time 5peed of replicated shared memory with the 
flexibi li ty of a fiber optic LAN to get microsecond 
response from multi-vendor compulers. It allows 
you to connect diss imilar computers at 150/Mbits/ 
se over fi ber optics, wi th zero software overhead. 
Th is replicated shared memory network offers 
data filtering, programmable byte swapping, and a 
sophisticated interrupt structure. 
Systran Corp., 4126 l inden Avenue, 
Dayton, OH 45432-3068 USA. 
Phone (513) 252-5601 or 1-800-252-5601 . 
For More Information Circle No. 432 
MICROCONTROllERS 
• C Programmable 
• Data Acquisition 
• Control IT est 
• Excellent Support 
• From $159 Qty 1 
• New Keyboard 
Display Modules 
Use our liHle GiantT• and Tiny Giant'" miniature control-
lers to computerize your product, plant or test department. 
Features built-in power supply, digital 1/0 to 48+ lines, 
serial VO (RS232 I RS485), NO converters to 20 bits, 
solenoid drivers, time of day clock, baHery backed 
memory, watchdog, field wiring connectors, up to 8 X 40 
LCD with graphics, and more! Our $195 inter.lctive Dy-
namic e'" makes serious software development easy. 
You're only one phone call away from a total solution. 
Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 
(916) 757-3737 Fax: (916) 753-5141 
Automatic Fax: (916) 753-0618 
(Call from your fax, request catalog 118) 
For More Information Circle No. 318 For More Information Circle No. 329 For More Information Circle No. 519 
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Entropy·based bounds on 
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Apollo Commemorative Poster 
Actual size: 30" x 2I"-in full color! 
Rel ive mankind's greatest 
adventure with this official 
NASA commemorative 
poster. A full-color 
rendit ion of the Apollo 
moon landing printed on 
high-quality poster stock 
and shipped in a 
protective tube. Special 
price only $8.95 each. 
Order three for only 
$25.00. 
Additional postage and 
handling charge for 
one poster is $5.00 
and for all three 
posters only $12.00. 
----------------Rush me~pollo commemorative poster(s). Handling. and 
postage charge for a single poster is $5.00 and f?r the speCial 
three poster order handling and postage charge IS only $12.00. 
(NY residents add sales tax.) Total enclosed: $ _____ _ 
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I admit, when I first read about Mathe-
matica, I was a little skeptical. I guess 
mathematicians are like anybody else. 
Sort of like auto workers being replaced 
Lynn Purser 
Orbital Dynamics Analyst 
Huntsville, Alabama 
maticians; it acts as an assistant 
by robots-some mathema ticians were un d e r-
of sorts. It helps you 
explore and de-
velop concepts, skeptical of something that might re- s tan d . 
place them. So when my firm offered P e 0 pie by handling the 
tedious details. an in-house training seminar on Mathe- respond to a 
matica, I decided to see what all the talk 
was about. than abstract equations, hand-
waving, or scribbling on a 
blackboard. With Mathematica 's 
graphical capability, especially 
In that way, 
you're free to 
concentrate on 
animation, I can make a dynamic Intersection of f ields of 
sweep of two sensors in 
presentation that gives a concrete idea the shuttle payload bay. 
of what I'm talking about. Mathematica is available for: MS-DOS, 
Then there's the symbolic power. Microsoft Windows, Macintosh, CONVEX, 
That class was fun. I tried to do For example, the first project I tackled DG AViiON, DEC VAX (ULTRIX and 
things beyond what the teacher was cov- with Mathematica involved a nasty alge- VMS) , DEC RISC, HP 9000, HP Apollo, 
ering-the rudimentary s tuff about braic equation. I solved it on my own IBM RISC System/6000, MIPS, NeXT, 
Mathematica syntax. I wanted to do ani- and then let Mathematica solve it. We Silicon Graphics, Sony, Sun-3, and SPARC-
mation and play with the graphics. I was both came up with the same answer. stations. 
taken with the visual dimension of it. But my solution took a few hours and Prices in U.S. and Canada start at $595. 
Mathematica's took a few minutes. Educational discounts are available. 
Simulations of the dynamics of the shuttle. 
Orders: 1-800-441-MATH 
Mathematica~ 2. 0 
The Standard for Technical Computing 
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